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Rigid fixation of the facial skeleton has evolved over the past several decades 
from an avant-garde technique with unacceptahly high complication rates la a commonly 
employed approach offering high rales of success and low morbidities. Patients suffer 
ii\g from facial fractures can be returned to normal function earlier, often avoiding the 
unpleasant experience of lengthy periods of maxillo-mandibular fixation. The develop- 
ment of better quality, smaller fixation systems has added options loi craniofacial u\.< 
tion after extensive osteotomies, bone grafts, and even simple fractures. This has re- 
sulted in greater dependability of the repairs and. therefore, more options from which 
surgeons can choose for performing extensive mobilization and repositionings ol the 
craniofacial skeleton. 

We have been involved in well over a hundred courses and presentations on these 
topics. This atlas is a response to the frequent requests from course participants and 
residents for an illustrated volume describing these techniques. We must, of course, ac- 
knowledge the tremendous accomplishments of those whose pioneering work has led to 
the development of rigid fixation techniques for the facial skeleton. The list is far from 
complete, hut we would like to nole the .superb, innovative achievements of Wilfricd 
Schilli. Bernd Spiessl. Roland Schmoker. Joram Raveh. Berton Rahn. Maxime Champy, 
llans-Gcorg Luhr. Herbert Niederdcllmann. and Mostafa Farmand. among many others. 

The atlas is designed to provide the reader, from the most experienced surgeon to 
the operating room technologist, with an easy to understand and even easier to utilize 
resource. A heavily illustrated chapter on the principles and techniques needed to suc- 
cessfully accomplish fixation of the bones comprising the facial skeleton is included for 
the less experienced practitioner. The experienced surgeon may wish to see a wide vari- 
ety of options available for the repair of a particular mandibular fracture, and these are 
included as well. The contents and index are designed so thai a particular repair of a 
selected injury or osteotomy is easy to locate, and cross references to the necessary surgi- 
cal approaches and principles are included on the same page. 

Recent advances in surgical approaches and in the harvesting and contouring of 
bone grafts and Haps have evolved during recent years as well. To enhance the useful- 
ness of this atlas, we have elected to include chapters demonstrating (he surgical ap- 
proaches as well as harvesting techniques lor bone grafts commonly used io repair cran- 
iofacial skeletal injuries and defects. 

In preparing this book, we selected an eclectic approach, avoiding adherence to 
any particular philosophy. Therefore, multiple plating systems and techniques of fixa- 
tion are represented throughout. 

ix 
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Properly utilized, the techniques of rigid fixation can achieve superior results when 
repairing facial fractures, osteotomies, and defects. However, the principles and techniques 
of any particular approach selected must be adhered to exactingly if less than desirable 
outcomes are to be avoided. Il is the our hope that this volume will result in benefits to 
patients as well as to surgeons, students, and operating room staff. This atlas is intended to 
supplement formal training, but it is certainly not a substitute for it. 



Robert M. Kellman, M.D.. F.A.C.S. 
Lawrence J. Moreniein: M.IX, F.A.C.S. 
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CHAPTER 1 

Metallurgy 



In be able M use Ihe lechniu;iics ot rigid Ii\.iIumi. ii must be 

understood and accepted thai the Implants themselves musi 
be tolerated by the human body, initially and over lime, They 
also must beol .1 size thai is suitable foi Ihe intended applica- 
tion, and the strength and mallcabilhy must also lx- suitable, 
\ brief discussion ol these aspects will follow. 

BIOCOMPATIBI1 II V 

True biocompatibilit) moans thai ihe body 's tissues will tol- 
erate the implanl material indefinitely, and the material will 

.,1 im.ilu ,, ,1 ,.- . ,| II,. . ., ., ,,t I I., I,,, 

indefinitely in ihe tissues 



Corrosion 

Metals currently used in commercially available plating sys- 
lems have been shown so fat i«' be markedly corrosion rests- 
lain over time when implanted in the daman facial skeleton 
Initially, as a result ol uncertainty, the companies advocated 
the removal of stainless steel implants to avoid potential cor- 
rosion, particularly because some alloys lend to corrode over 
Unit. liiiJiiv. Iiiiwivii, uliii kui - Ol experience "'"' hnptantt 
remaining m situ, stainless steel, Vitallium, and titanium im- 
plants have all been shown to resist corrosion successfully 
over time, although some corrosion does occur as ev idenced 
by intracellulai deposits. Note also thai there are multiple al 
to) s thai can be vailed stainless steel, resulting In greater van 
ability and therefore uncertainly. In recent years, most com- 
panies have abandoned stainless steel plates and screws for 
facial implantation. 



NOTE: An Important t& ration \ era ems different metals that 
art in i omai t.sm has a stainless steel screw witha Vitallium 
hi titanium plate or vice versa The differing galvanic poten- 
tials in the tissue environment will lead to galvanh cona- 
tion. Ii Is therefore imperative that implants from different 
plating sets tun be inten hanntd and mixed (ewn iftheyclaim 
in be ol the sunn- material, because alloyt vary) 

ToXlcity/1 KlierM-nsiliviu 

Metal urns are indeed released in small amounts from alloys. 



Elevations in local tissue concentrations allei experimental 

implantation show these increases to he transient anil brief, 
occurring only during Ihe postoperative period 

Hypersensitivity may occur to metals containing nickel, 
cobalt, .mil chromium when these are implanted in large vol- 
umes, such as in hip prostheses. Riis is apparently net o prob 

leni with Ihe facial implants currently availahle commercially. 

oi the metals used, only pure titanium lias nevei elicited t 

human hypersensitivity reaction 
Cartinogt'iiii ily 

Some questions have been raised regarding ihe potential for 
carcinogenicity ol metal implants, particularly for those con 
mining high amounts ol nickel, although a cobalt chromium 

alloy (Vital hum i has also been questioned. The incidence rate 
is so small, however, that nodireel cause and-effeel relation- 
ship can lx- proved No suspicions related to pure titanium 

have arisen thus lai 



Osseoinlegralion 

Ihe leiui osscoiiiici'i.iiiiii, implica (he developmonl ol i bio 
logical bond between (he metal implanl anil the surrounding 
hone Osteocytes grow up to and adhere to the metal surface, 
without any intervening lihrous (issue layer. Although this 
occurs inconsistently, ii appears to oceui only with pure tita- 
nium implants and. even ihen. only when meticulous tech- 
nique has been used. 

Of course, osscointcgratiun i~ noi required lor the repair 

oi facial fractures and osteotomies. I lowever, ii has been sug- 
gested thai die propensity for pun- titanium loossoointegraie 

implies its bettet biological reception by hone tissue. This is 
Critical in Certain Situations, such as in Ihe placement of per 
manenl denial implants. Note thai this feature has been used 
to advantage in die titanium hollow screw reconstruction plate 
system (THRP). 

METALS 

Stainless Steel 

Except lor Ihe Champy miniplaling system I Martini, most 

commercial phuing companies have abandoned stainless steel 
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..s the component ol racial plating systems Although strong 
and malleable the feat ol corrosion and potential toxicity led 
most rnanufacturers who previously used stainless steel in 
convert to titanium, 

Viiiilliuin 



biocompaiibtlity, h also has the lowest modulus of elasticity 
among the three commonl) used metals, However, although 
much lower than that "i steel or Vltallium, n is still signifi- 
cant!) greater than that ol bone In comparison with the other 
metals, titanium also offers the least interference with mag- 
netic resonance imaging and ("I scans, 



Tins is .1 trade name for .1 cobalt, chromium, and molybde- 
num alloy used i>> the Howmedica Companj In the I ,uhi fa- 
cial plating systems, Its tensile strength is greater than that of 
titanium, and ii is biocompatible, although osseoimegralion 
has urn been found, li>> greater tensile strength allows im- 
plants for similar applications to be thinner than titanium im- 
plants. 

Titanium 

I'un- titanium exhibits the best corrosion resistance and 



Bioresorbables 

Attempts to use bioresorbable materials, such as Ihe various 

polyesters used in resorbable sutures, for the fixation ol bones 
date back at least three decades. Despite the testing and suc- 
cessful utilization ol a wide variety of these materials (e.g., 
polylactjc acid, polyglycolic odd, and polyparadiaxanone) 
m animals and in humans, complication rates continue to lx* 
unacceptabl) high. As ol the lime ol mis writing, there is no 
commerctall) available bioresorbable facial plating system 
in the 1 niied Slates thai utilizes these materials 



CHAPTER 2 



Instrumentation 






There arc numerous companies thai manufacture systems fot 
ihe rigid fixation of the facial skeleton. It would be Impos- 
sible 10 be all inclusive in Ihis section- The purpose of this 
portion of the alias is to introduce ihe reader la a variety ol 
Ihe maierials thai might he encountered in ihe operating room 
The instruments of several companies are represented in the 
text and accompanying photographs. Particular instrument 
ni.is or may mil Ik- available al ihe lime when ihis text is read 
because instruments and companies change in Ihis field at an 

incredible rate, 

Tlii- section is organized in demonstrate some ol various 
instruments available, The texl identifies ihe instruments 

shown, and when Ihe mechanism Ol use ni.o nol be ciilirelv 
obvious lo all readers, ihis is also explained. 

REDUCTION FORCEPS 

RedlK lion forceps are designed both lo help ihe surgeon nia- 

nipulaie ihe Nine fragments into satisfactory reduction and 
to maintain ihe reduction after h has been achieved Various 
lypcs of reduction forceps are used m practice. 

Towol Clip-Tvr»c IJoiHs-Hnldiiig I'nrrepK 




FIG. 1-1 



I he lOWel clip lype of bone-holding forceps is essentially a 
modified towel clip, with extra clicks on Ihe locking media. 
in-ill 1 his can be used to hold large abutting segments of 

bone together, 




fig. 1-2 



and it may be used lo hold overlapping bone Iragincnls lo 
gether in preparation tor lag screw livjlion 




^ 



FIG. 1-3 
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Hon. -I loldin:: Cliimps 

Various htme-hulding clamps arc used la grasp and hold pieces 
of bone for manipulation and stabilization. These ate designed 
lo minimize crushing, winch could lead to fragmentation 01 
other Nine damage. 



rhe pliers are then attached to the sleeves h\ slipping them 

nun Ihe hollow sleeves and finger tightening the mils. The 

pliers can then be used to manipulate the fragments into re- 
duclion. i 'nee reduced, they can he precornpressed, and Ihe 
position is held by tightening the locli nui on ihe handle ol 
11k- pliers. 




FIG. 1-4 



Reduction/Compression Pliers 

The mandibular reduction/compression pliers (forceps) are 
designed specifically for stabilization and precompression ol 

mandibular traciures in preparation foi compression plaling. 
These are designed so ihai hollow sleeves can be screwed 

into the inferior border of Ihe mandible from below. The holes 
for Ihese are drilled approximate!} parallel in the fracture line. 

and ihe screws should be no longer than 8« 10 mm io avoid 

injury to the inferior alveolar nerve. They should nol he light- 
ened firml) to allow ease oi placemen) of the pliers. 





FIG. 1-5 



FIG. 1-6 



Reduction/Compression Pliers Wiih Side Rollers 

The reduction/compression pliers (forceps) with side rollers 
are a variation ol Ihe pliers just described. These are applied 
10 the inferior border ol Ihe mandible as described i-arlici 
The sleeves, however, have side rollers attached lo them. 
These are used lo compress ihe alveolar border of ihe man- 
dible when a tension band canrtol He placed. 




FIG. 1-7 
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Compression of die inferioi bolder iniiiallj will ifistracl Ihe 

alveolar border. 




Alter horizontal compression has been applied, the side roll- 
ers are lightened againsi the inferior border of ihe mandible 

CM culler side of the sleeves. I his forces llie alveolar bolder 

of the fracture to be compressed. 



FIG. 1-8 




FIG. 1-9 
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PLATE-HOLDING FORCEPS 

A plate-holding forceps can be an) de\ ice that Is used 10 hold 
a plate in place mi iin- bone in preparation for screw applica- 
tion! rtae forceps shown here is like a modified umel clip. 
except thai one prong has been made mi" a solid piece ol 
metal for insertion into a plate hole. The pointed prong holds 

into Ihe hone from underneath. 



The Slur/ system uses a slotted rod dial has a slot thai grips 
ihe plate snugl) After the plate has been screwed lo ihe bone. 
Ihe roil is lifted oil Ihe plalc. 








FIG. 1-12 



SCREW-HOLDEMG PORCBPS 

Most Screwdrivers are designed wilh .sleeves dial will hold 
ihe screws for placement 



FIG. 1-10 



Another type ol plate holding forceps is like a i lamp with a 
slot designed to in a specific sl« plate. I he plate-holding 
forceps shown here aie from the Uihi system 





FIG. 1-13 



FIG. 1-11 



As an alternative, the Luhr system contains clamps wilh 
round openings .n the ends dial ire designed la gnusp and 
bold .1 screw bj us shaft i»si below the head, The screw is 
held in place until ii catches in the bone, and then the 
climp is released. 
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FIG. 1-14 



PLATE BENDERS 

Plate benders come in .1 variet) ol shapes and sizes. There- 
fore, ihe) can be used for bending .1 variety oi differenl size 
plates and for bending diem in a variety of directions. 



Bending Irons' 

Various bending irons ait depicted here. They come in dil 

lereni sizes and are able 10 bend plates oi differenl sizes. Notice 
the slots In these irons are designed 10 gran ihe plate in differ- 
enl areas, and then bj holding one iron in each hand, the ptate 
can be hem or twisted into die appropriate shape. 




FIG. 1-15A 



FIG. 1-15B 
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Bonding Pliers 

Like bending irons. hemline pliers come in various si/.cs 

.nut i> pes, 

Hal I'liers Mai pliers are designed so thai (lie iisci can 
grab a portion of the plute with pliers in each hand and then 
bend the plale to llie appropriate desired shape. 




FIG. 1-16A 
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Some Will bend the Hal surface oflhe plate around a raised 

central portion of the pliers. 




FIG. 1-16B 



I'rongcd Pliers Pronged pliers an designed specifically 
so thai the plate can be placed so thai the rial portion ol 
the plate lines up with ihe prangs Of so thai ihe prongs 
actually g» into ihe holes of Ihe plate. Squeezing ihe pli- 
ers will cause the plate lo bend in a curve along its 9ide, 

and the tWO holCt end up above or below llie single hole 
where ihe single prong is. 




FIG. 1-17 
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Sidr-Bcnding Piters Side-bending pliers an- designed so 
ih.ii the plate can be placed Flu alone the side of ihe pliers, 
ami squeezing the handles (similar to Ihe pronged pliers) will 
result in a bend in ihe plate between ihe hotels rather than 
along the ilai surface. litis type hi bend is necessary in some 
situations, such as rounding ihe angle of Ihe mandible. 





FIG. 1-18A 



FIG. 1-18B 



AC) 2.7-mm Reconstruction Plate Benders These 
haulers are ■.pccilicalh designed CD grasp Ihe A() 2.7-mm 

reconstruction plate by grabbing ihe plate with a prong In a 

plate hole I Wo pliers are used so thai, with one in each hand. 
the plate can lv bent or twisted. Note that the disadvantage of 
Iliis particular type of pliers is that il lends to ereale distor- 
tions in (lie plate hole region of the plate. This makes the 
plate more dillicull Io use. and il also weakens it. 




FIG. 1-19 
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IM.ATIv CUTTKUS 

A plate cutter, ol course, can he any instrument iluii is able to 
cm :i plate to the desired length. Obviously, if the plate is longer 
than is needed for the specific indication, ii can be cut 10 length 
Small cullers are used lor small plates. 




FIG. 1-20 

Larger cutters, Mich as Steinman pin cutters, can be used to cut 
larger plates. 



TEMPLATES 

templates are basically thin pieces of metal thai are easily 
bendabte and are made m sizes and shapes to match the par 
licular plates to lv used. Most sets contain templates that 
match the variou- plates in the particular set, Templates are 
generally hem righi onto the bone, being malleable enough 
lobe pushed into shape with a finger or instrument. They lit 

then carefully lifted from ihe wound and used as a template 
for bending the actual implant, ti is important to keep in mind 

lli.il the templates are very weak, and they should nol be in- 
advertent!) implanted inslead of a plate. 




FIG. 1-21 
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DRILLS 

As wimld be anticipated, dulls come in iliv various sues 

needed for the particular screw lo be implanied. Keep in mind 
thai, .is u genera] rule, ihe drill hit 111 be used lot an> threaded 

hole is Ihe size of die shall of Ihe screw. Therefore, [he hole 
ili.il will he bored in ihe bone will he the si/x- of ihe screw 
shall. The screw ihread is, of course, larger lhan the screw 
shall, and dill will then extend into Ihe hone surrounding Ihe 
hole dial has been drilled. Note that, lor Ihe placement of a 
lag screw, the first bony cortex is drilled with a gliding hole 
thai will nol calch the screw ihread. il is. therefore . ihe si/.e of 
Ilk- screw llire.ul ralher lhan Mu' screw shall 




FIG. 1-22 A 




FIG. 1-22B 
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(As a general rule. |.0-mm screws are placed b> using a 
drill ihai is 0,6 in 0.8 mm in diameter l.2-mm screws, by 
using a drill bit thai is 1.0 mm "1 diameter; 1.5-mm screws, 
by using a dull bil thai >s I . I mm in diameter; 1 .7-rnm screws, 
by iBingadrlll bil thai is I..' mm in diameter 2.0-mm screws. 
generally, by using a drill bit thai is I .■> mm m diameter; 14- 
nun screws, generally, b) using •< drill bil thai is i.x mm in 
diameter; Z,7-mm screws, generally, bj using a drill bn dial 
is 2 ii mm in diameter 3.5-mm screws, generally, by using a 
drill hit thai is 2.7 mm in diameter and 4-inin screws, gener- 
ally, by using a drill bil thai is i.O mm in diameter, i Note thai 

slime drill hits have slops on them SO dial the hole can only 
be drilled in a certain depth. I hew are helpful when drilling 

iiiiinuciMiic.il holes for miniphue Fixation of the mandible to 
decrease the likelihood ni deep penetration into a tooth root 
or the inferior alveolar nerve. 

DRILL GUIDES 

A proper drill guide is not a tissue protector as much as ii is 

designed 10 hold Ilie distal shall of the drill in a Straight piisi- 
ii« hi. ( ,1 1 mi ii 11,^ wobble while it" .Ii ill i^i i ■ uM 'I"* hone Thi-. 

will minimize the possibility of creating a funnel-shaped hole. 
Ii is. therefore, important thai the drill guide match the size ol 

Ihe drill bit, ll should not be several sizes larger because thai 
would deleal Us purpose 



Neutral 

Some drill guides are designed so thai thej til onlj neu 

(rally in ihe hole, lor example. In M\ oblong, elliptical 
hole, .i drill guide thai has a similar oblong, elliptical shape 
With a hole in us center will only allow drilling Dl the 
hole in Ihe center, This will provide a neutral hole, avoid' 
ing any compression tones. 




FIG. 1-23 



FIG. 1-24 



Eccentric 

Some drill guides are designed In make certain that ihe hole 

is drilled eccentrically in an elliptical hole to facilitate com 

pressuin. I'hese have a shape llial is similar In the shape .'I 
Ihe plate hole, and they position the screw eccentrically w itluu 
Ihe guide, ll is important 10 make certain thai the guide i 
positioned so thai the screw will he al the appropriate end "I 
ihe hole. i.e.. positioned eccentrically away from Ihe area 
where the forces ol compression are directed. Note thai tome 
drill guides are designed for elliptical holes so thai they can 
be used eilher as neutral or compression guides In this case, 
by directing the drill guide in ihe right direction and pulling n 
to the end ol the plate hole. Ihe drill hole is positioned. Great 
care must be laken in using these guides properly. 
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DEPTH GAl i.l s 

A depth gauge is a device dial is designed M measure the 
depth ni the hole. The dcpih gauge is placed after the hole is 
drilled When a system thai requires tapping is used, the depth 
is always measured prior to tapping so thai the dcpih gauge 
does not damage the thread thai has been eui b> the lap in lite 

bone, The depth gauge has a lip on the end Ihal is used lo 

eaieh the undersurfacc oi die bone: then ihe portion w ith the 



gauge is brought down 10 i!n- surface oi ihe bone. An Indies 

lor on the gauge will show Ihe deplh ol Ihe hole. Note thai 

when ihe measure Falls between two si/es. as a general rule 
ihe longer screw is used I his is particularly important when 
btcortical screws are being placed. However, in other situa 
iions. the use oi die shorter length may ix' preferable ai Iht 
discretion ol the surgeon. 



FIG. 1-25 




1 U'S 

\ i.ip is simpl) a de\ ice thai is designed lo eui ihe thread in 
the bone prior lo ihe placemenl of the screw. The lap foi any 
particular screw must Ix- die appropriate one for thai screw 
so ihai die threads match precisely, li is. therefore, critical 
ihai die appropriate-sized lap from ihe appropriate set by die 



appropriate manufacture! always he used. Note dial laps, like 
self-lapping screw s, are fluted to perinii bone debris crealcd 
In i lining die thread to escape. This avoids die compression 

oi ihe dusi in die threads, which may resuii In microfracture 

< if Ihe Ihreads. 



FIG. 1-26 
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SC31EWDRIVERS 

Hkt ap», screwdrivers are designed specifically "> mulch 
Ibe particular screws ch.n .ire being inserted. Nine lhal Ihere 
B« .1 variety ofdiflerenl screw head designs, necessitating ;i 
rarietj ol screwdrivei designs, Some screws ans Phillip's head 
(Howmedica), some are hexagonal head (Stent 2 7 mm and 
Symhe-i 2.7 mini, and some have cruciate or cross-slotted 
heads (which arc typical of most mini- and microscicws). 




FIG. 1-27A 



FIG. 1-27B 



Noic lhal screw drivers conic with and without devices that 
are designed lo hold the screw in position on die screw driver; 





FIG. 1-27C 



FIG. 1-27D 
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TISSUE PROTECTOR SLEEVES 

A tissue prelector sleeve is designed la protect the tissue dur- 
ing placement "la screw 01 tapping ol a hole. Note that this 
is different from .1 drill guide because the tissue protector is 
generally designed with plaj around the de* ice. Thus, it does 
not prevent wobble, li is merel) designed 10 keep tissue from 

getting into the hole or into the threads of the instrument 



handle that can be passed through the cheek fromcxtraorai to 
intraoral, and thej arc then used lot .ill steps in screw appli- 
cation, including drilling, measuring, tapping (when nccdedl, 
and screw placement. Some transhuccul instruments, such as 
the Synlhes ami the l.cihingei. include cheek retractors -is 
part of their design. 

Troth a rs 



TRANSBl'CCAI. INSTRUMKNTATK >N 

1 ach system has its own version of transbuccal inslrumenta- 
lion. In general, these are tissue protecting-typc devices on a 



The trochat is a pointed instrumeni thai tills the sleeve ol 
the inuubuccal de> ice li is designed with a point thai is 
tapered to push tissue aside as the Instrument is passed 

through Ihe cheek. 





FIG. 1-28A 



FIG. 1-286 




FIG. 1-28C 



Ml Hill K.,1, INSTRUMENT Mlos, WIHMI'I \NIN / 19 



Guides 

These are general)} sleeves thai slip within the Instrument 
often placement, and Ihej are designed speciflcall) i" match 
the size of drill bit*, thereby serving ;is drill guides during 
drilling Some have hooks on the end thai «iii help align them 
• nil the plate or catch the plate hole. < Hhera are smooth. 




FIG. 1-29A 




FIG. 1-29B 
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FIG. 1-30 A 



FIG. 1-30B 




Retractors 

Shown in the diagram arc the retractors from Ihelbchmedica 

anil llic l.cihingcr sets. These are designed lo pull the check 

out ol the waj for visualization ol the bone intraorally. Note 
thai the lechmedica de\ lot I Figs. I-30A and B i requires light- 
ening of Ihe littler strew against the Iransbuccal sleeve, which 
can result in bending of the sleeve and later problems passing 

the drill guide, lite Leibinger retractor is slotted mallow it to 

be positioned in various directions relative to the handle and 
held in place 



FIG. 1-30C 
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Tl IRl'-REl.ATED INSTRUMENTS 

The THRI' system isa unique sell -contained system designed 
for placemen) of. noi only hollow strews, bui also screws 

Ihul have expandable heads. Therefore, Ihey are ultimately 
fixed tightly lo die plate itself alter they have been fixed [o 
die bone. Two systems exist with a slight difference between 
them. In the so e.illeil I HRI'O. produced by l.cihinger. the 

plate holes have been reinforced, obviating the need for Ihe 

placement of inserts during bending. 



FIG. 1-31 A 



In Ihe l.uhr version, die intraoral clamp in fact is exactly 
lh.il. II is a clamp that is designed to lit around the end of Ihe 

and clamp down on h 





FIG. 1-32 



FIG. 1-31B 
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Unique instruments for this set include: 

I, Inserts that are placed in Ihe ptaK boles during bending 
(required onl) in ihe Synihes system). These maintain 

the shape o( the plate botes so that they arc nut distorted 
during the bonding process. 



.?. A reamer that i~ designed 10 make certain thai the plate 
holes are round and adequate so that the expandable heads 
will fit coinlonablv in them. 




<?^3c^; 


















FIG. 1-35 
•I. Hollow 


screws with expandable heads. 





FIG. 1-33 



2. A dci ice 10 punch the inserts out of the hole-, aftet the 
bending process is complete (similar!) used only with 
the Synihes system). 
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FIG. 1-36 



FIG. 1-34 
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5, Expansion bolts, which are small inscn screws lhai actu- 
,iii\ screw Into the heada ol rhe ncrewi alter ihej have 
been placed ami tightened These expand the heads oi 
Ihe screws and thereby fix them Firmly 10 ibe plate, 





FIG. 1-37 A 



FIG. 1-37B 



CHAPTER 3 

Implants 



Implants include plates, screw s, and temporomandibular joint 

prosdieses. The plates ami screws are made of a variety >»l 
metals, depending on the manufacturer's preference. The 
Champ\ system is made ill stainless Steel; the Luhr system is 
made of Vitallium: the Stor/ system, most Syndics systems. 
and the majority of Leibinger systems are made of titanium: 
and the Loten/ system is made of a titanium alloy. | Metal- 
line} was discussed earlier.! Of grcal importance, however, 
is to be certain not to mix metals. It is critical to use plates 
and screws made ol the same metal to avoid ionic inlcr.k - 
tions thai will lead to corrosion and. possihly. the develop- 
menl ol limns. Therefore, screws from one set should never 
he mixed wilh plates from anolher. even if they are made by 
the same manufacturer. 

PLATES 

I his section is divided primarily by indication, although sizes 
vary. e\cn within an indication. l : oi BBS) referent e, these are 



divided into mandibular reconstruction plates, mandibular 

compression plates, mandibular miniplates, ntidfacial 

mmiplates, and micniplales. 

Note that plates can he designed as compression plates, 
which can Iv used to produce compression across a fracture, 
depending on the screw placement i sec I 'nit -. Placing </ ( ""' 
pnssion Plate and Screws, for further explanation and clari- 
fication I. or the) can lx- designed as neutral plates, w hich can 
Ik used only in a neutral lashion Neutral plates have only 
circular holes: they cannot he used to create compression. 

Mandibular Reconstruction Plate* 

A mandibular reconstruction plate is a plate thai is designed 

to he long enough anil strong enough to bridge defective 01 
funciionall} detective areas n( the mandihle. such as areas of 
Severe comminution oralroph} ol lhc hoik- Piwpei utiliza- 
tion of lhe.se plates requires that at least three or lour screw s 
he placed into healthy hone on eilliei side ol a defective area. 




FIG. 1-38 



24 



Ml i \| LUROY, pssiki MIA I CT10N, UNO IMPLANTS / 25 



Standard Standard mandibular reconstruction plate- come 
in various shapes and sizes, depending on ilic manufacturer s 
preference Most use 2.7-inni screws, although a smallei 
version ol mandibular reconstruction plate made by Syndics 

uses a 2.4-mm screw As in lire earlier examples, some have 
all elliptical boles, such as the Synihe.s type, which ear he 



used eilher to apply compression or plaee neulral screws 

Some have both neutral (only circular! holes and el1ipti< ill) 
designed holes so thai some holes can he used 10 apply com- 
pression, sueh as ihe Luhr plate. Some can he used only lor 

neutral screw placement. 



niKi' I hi~ is a unique plate design (described earlier). 

The holes in this plate, of necessity, are round to lit the 

expandable screw iie.nis. therefore, only neutral placement 
is possible. The unique aspects ol this plate, as noted pre- 

tiro the hallow bcrew design (which is an optional 

component because either hollow or solid screws can be 



used i and the expansion boll, which is screwed into ihe 
head ol ihe screw alter the plate lias been placed. This 
expands Ihe screw head and lives it firmly lo ihe plate 
i: sell i ins provides the additional benefit of maintaining 
the screw immobile if there is resorption of the hone 
around lite screw thread lor any reason 




FIG. 1-39 
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FIG. 1-40 



Condylar head replacement* These Bie mentioned 
here only ic note thai ihe> exist, They come in various 
designs, bui the specific utilization ol these devices is 
complex and ia noi further discussed in this atlas, 




FIG. 1-41 



Ml I Mil ROY, INSTRUMENTATION, MUD IMI1 fcNTS / 27 



Mandibular Compression Plate* 

Mandibular compression plates are designed for the applica- 
tion "I compressive forces across j mandibular fracture. Un- 
like miniplaies, these require the ptacemeni ol bicortical 
screws. A variety ol designs is available, as depicted earlier. 
Most, including Synthes, Stur/. I.eibinger, Loren/. and Luhr 
use 2.7-mm .strews. There is also a 2.4-mm mandibular com- 

pressinn plate made by Synllies. The speeillc design and use 

of compression plates is explained In a itep-b) step fashion 
in Unil 2. Placing a < ompression Plate and St nrvra 
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FIG. 1-42A 
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FIG. 1-42B 



FIG. 1-42C 
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Mandibular Miuiplales 

Standard Mandibular mimplalcs are basically plates rli.il 

are 2 ii inin thai are designed specifically for use m ihe man- 
dible. These arc differentiated from midfacinl miniplaiers, 

which in some systems, arc Ihinncr and. therefore, arc mil 
designed tor use in the mandible. Ureal care must he token 

to avoid the use ol the wrong place for the wrong indica- 
tion, because this can easily resuii in failure as a result of 
inadequate biomechonlcal stability, Only the Niraiyhi piaics 
shown here arc used for mandibular fixation, 




FIG. 1-43 



a standard miniplate is generally a four-, six . or eight- 

holc plaie designed for neutral application, Mandibular 
miniplates are generally I 10 1.2 mm in ihickness. ilicir ap- 
plication and use are described in the appropriate sections in 
Units - and 5 Note that miniplaring systems are utilized with 

monocorlic.il sell -lapping screws 



Three dimensional This is a unique design manufactured 
by Leibinger, it is basically -i geometric shape (squares and/ 
or rectangles) designed loadd Increased strength to the plate. 
Like the mandibular miniplate, 2.0-mm monocortical self- 
tapping screws ore used. 
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NOTE: It Is vet y important i" ret agnize thai there .»■ 6 
mm thick and I 0-mm thick plates that are identii «/ m shape, 
olhei thantheii thickness The I -mm plates must be used for 
mandibular fixation, it adequate uabilir) Is to be obtained, 

Miill.ni.il Miiuplue* 

Midfncial mmiplales come in ihc widest variety of shapes 
and sizes. Bach company thai produces these miniplatcs makes 
different sizes and shapes. Tliey come with 2.0-. I.7-, I. S-. 
and 1.2-mm screws and 1.5- anil 2.0-mm low-profile screw 

designs. Although all manufacturers recomm en d using ihese 

as sell 'lapping Screws in twist situations. Ihc 2.ll nun Syndics 
screw is BCtually designed lobe used with a tap. 
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FIG. 1-44 
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FIG. 1-45A 




FIG. 1-45B 
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non-com Session plates 
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FIG. 1-45E 
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Microplauvs 

in :in effort 10 decrease constantly the size "i iht- implants, 
the .uiiKuiii of metal implanted, and the potential for visibil- 
ity .mil palpability of plates and screws through the skin, ihc 
manufacturers ol these systems continue to decrease the sizes 
of ihc plates and screws produced, The smallest screws cur- 
rently in use ;il the lime of this writing are screws with .1 1.0- 

mm thread, These are all designed to be self-lapping, They 
come iii .1 variety ol shapes and sizes by each manufacturer. 

Note that the Ulbr microsystem, being made of Vilallium. 
offers the strongest plates and screws. The Leibingei 
microsystem offers "three-dimensional microplates." which 
:r i,ki. .ire geometrical designs similai to the three-dimer 
sional mandibular plates discussed previously. This geometri 
cal design adds strength to the plates. 
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FIG. 1-46 



NOTE: Note thai mh rost rews hold nicely in thin hone In 
tklckei bone, such as a thick calvarlal bone and ilic 
fro nl oi yg omalic facial area, these ." mws have a undent ) la 
hmd when they are being lightened li is. therefore, wise to 
Dverdrill the hole in thicl bone and also hack the screw out 
periodically as // is being screwed m If resistance during 
placement teems to peak, so thai it feels like the screw might 
break, n might he wise to remavi It 
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SCREW s 

The mam differences among screws are Iheii sizes, llteii head 
designs, and wheibei the) are designed to be self-tapping, 
I he exception to this is the unique expansion screw used v, 1th 
the bone strews m the THRP system, Depicted hen are i 
wide variety of shapes and siioss "I screws designed bj the 



various manufacturers. Note thai self-lapping screws gener- 
al)} have flutes in their sides to allow foi the escape of bone 
dust during the cutting "i the thread. M there arc no flutes, it 
is generally preferable to tap the hole witi a lap first, 

Great care should be used to select the appropriate drill. 
micw length, and screwdrivei foi each indicated use. 



FIG. 1-47A 



FIG. 1-47B 
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2.7mm SCREWS 
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NOTE: Sou- that microscrews hold nicely m thin bone In 
thicker hone, such at a thick calvarial bone and the 
fronioeygomaiii fai iat area, these screws have ,i lendent v U i 
break when they ./••• being tightened li ". therefore, wise ta 
arenlrill the hale m thick bane and also back the sere* ■«" 
periodicaU) as it is being screwed in. II resistance during 
I'l.n emem stems to peak, to thai it feels like the screw might 
break, n might be wise to remove u. 
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CHAPTER 1 



Principles of Rigid Fixation 



Rigid fixation techniques For bone repair are based on sei 
oral principles and premises, 

i \ revi ol propei strength and design will hold m bone 
over time. 

2 \ properi) designed and properly positioned rigid plate 
will Impart Its strength to a Fractured or osteotomized 

in mi- when ii is properi) fixed t" that bone with '-crews. 

I. Devices can he fixed to fractured anil osteoiomi/cd hones 

-o that the hone- remain fixed togethei despite full 
loading i" function. 

4. Additional fixation points generally yield a stronger 
fixation. 

5 II the rigid fixation dm ice is strong enough, and ii enough 
fixation points are used, a hone defect can be bridged 

with the fixation ileviee so that the remaining segments 

can support .i functional load. 



(>. Corollary : A rigid plate screwed across the fracture « ill 
not unp.ul -t.ihilitv. unless 

a. I he fixation device is appropriate for the particular 
anatomical and physiological need. 

b. The number of Fixation points is adequate, and 

c. There is stud adherence to hiomech.inu.il principles 

The key to successful rigid fixation (i.e., maximizing suc- 
cessful oMlcumes and minimizing complications and failures I 
i-. i . omhinalinn ol 

1 . Knowledge of the biomechanical principles thai form the 
basis lot ngi.i fixation techniques and 

2. Adherence to these principles to uh.itcvci extent is 
possible. 
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CHAPTER 2 



Basic Biomechanics 



The strength of .1 repaii musl be adequate to overcome anj 
ior.es thai will .m on the repaired bone during Function. 

1 v> inn there is no force home by the hone (e.g.. the ante- 
rior wall of the frontal sinus), minimal fixation is needed. 
(Indeed, frontal sinus fractures can be repaired using 
wires or nricroplates, with a minimum number of U\.t 
lion points.) 



2. When forees BCI on .1 hone in function. Ihey m:i\ Com- 
press 1 in- I'ragmcnis ingi-ihi-i (e.g.. ihe interior mandibu- 
lar body), 





FIG. 2-2 



FIG. 2-1 
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Ihey mav pull them apart (e.g.. the alveolar urea of Ihe 

mandible), or ihey ma) be lorsional in nature, lending 10 
rotate ihe fragmema (as in the mandibular oymphyseal 
region), 




FIG. 2-3 



The fixation must be adequate lo overcome these forces. 

NO l-ORC'IC 

Any simple fixation Ceven wire fixation) is adequate if it holds 

the hones in position so thai Ihey can heal. 



DISTRACTING/COMi'KlvSSlYK I ( HUT'S 

In some areas, ihe majority oi force on .1 bone is compressive 

in function (e.g.. the maxilla with a Le Ion I fracture or 

osteotomy). In this situation, ihe fixation must be strong 
enough to hold Ihe bones in .1 proper position during healing 
so that ihey do not shift In position from shearing or 

ovcrcompression. Thus. mbuplates WOT* well in the maxilla. 

Ill main Cases, when compressive lones occui across one 

portion 11I .1 Iraciure (Ihe pressure areai, another portion "ill 

he distracted nhc traction area). 




FIG. 2-4 



The pressure area Will lend 10 he held together naturally. 

bui the traction area will be pulled apan during Function. This 
will create mobility of the fragments and lead to nonhealing 

I nonunion 1. Thus, lix.moii miisi overcome Ihe iraclion fortes 
that occur during Function. 

If a device is used 10 overcome ihe iiaciional Forces, the 

compressive lorn-, dial occur during Function will lend lo he 
distributed across the entire area, leading lo healing. Tills prin- 
ciple is called tension handing, and ii has been the mainstaj 
.11 mandibular Fracture repair for many years. This may be 
accomplished in several ways. 
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Traction Wire/Tension Hand 

A wire in.!> be used in hold Ihe traction area of ihc bone to- 
gether il ii is strong enough 10 overcome the distracting forces, 
In the mandible, .in arch bar may serve this purpose. Some- 
times, teeth on both sides ol the fracture are wired logethei 



In function, ihc miniplate along the traction side prevents 
distraction of the fragments and causes the naturally occur- 
ring compressive forces to be distributed along Ihe lull length 
oi ihe fracture. 





FIG. 2-5 



Miniplau- rVppnHU Ii 

A miniplate may be used to hold the traction side ol a frac- 
ture or osteotomy together Again, il must be sirong enough 

toovi rcome the distracting forces, The principle ol miniplate 
fixation ol mandibular fractures depends on placement of the 
miniplate along ihe tension area, thereby holding ihe traction 
area together at rest and in function while allowing ihe com 
pressivc forces that occur naturally in function to be distrib 
uied across the entire fracture. Ai rest, a single miniplate holds 
ihe fracture together. 



FIG. 2-7 



When ihe forces vary during phases of function I e.g.. ihe 

angle region) 01 "hen torsional forces also act on Ihe aiea 
(e.g.. Ihe symphysejl region i. Ihen IWO inmipl.iles musl be 

used il dependable stability ol fixation is to be achieved. 




FIG. 2-8 



FIG. 2-6 
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Nolo thui tin- propci position lor miniplate fixation ol man- 
dible rractures lies been worked oui experimentally by Pro- 
fessot Mnxime Champ] and is depicted in the figure. This is 
rel'errcd 10 as "Champy's Ideal Line of Osteosynthesis " 



the pressure side without tension banding of the unction ride 
will result in distraction of the traction side. This will result 
in .hi unstable fixation and probable failure and nonunion. 




FIG. 2-9 

T,. avoid Injur) to lOOlh roots and/or the interior alveolar 
nerves, the miniplate is applied using monocortical screws. 
These are placed I 5 to 2 crovm heights below ihi gingival mar- 
em to avoid the tooth roots. This "ill generally place them be- 
tween Ihe Beth and Ihe nerve II the nerve canal is entered, the 
short monOCOItical SCieW should not injure the nerve itself. 



Compression I'latc Approach 

Compression plating of mandible fractures generally requires 
tin- use of a tension banding technique because a mandibular 
compression plate requires bkortical screws, " hit m can only 
be puts ed along the bioniechanic.iilv unfavorable pressure side 
of the fracture (i.e.. the Inferior border) to avoid injury to the 
teeth and nerves, I bus, a compression plate may be used along 

ihe basal bordei (pressure side) ol the mandible, but only if a 
tension band technique, such as an arch bar or miniplate, has 

been used first. A compression plate should not be applied to 

Ihe basal bordei Ol the mandible in Ihe absence ol some form 
ol tension baud fixation of Ihe traction side. Compression ol 




FIG. 2-10 



Noie dial the same principles apply when Using Ihe man 
dibular reduction forceps. Compression of Ihe basal border 
Without prior tension handing of the traction side (alveolar 

border) will result in distraction of the alveolar border. 




FIG. 2-11 
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When .1 tension kind luis heen applied properly, the mail 

dibulif reduction forceps t in be safelj and successful!)' used 
lo compress the basal bonier (compression side), resulting in 
compression along the length ol the fracture. 




Ed inirii Dynamic Compression I'lme (KIJCP) 

This can be applied, ilong the inferior mandible (pressure side), 
This unique device is designed lo compress the traction side 

and the pressure side from Us position along the basal border 

of the mandible. 




FIG. 2-12 



FIG. 2-13 



NOTE: Precompression w the traction titk h necessan *i 
thlsdevh e is lobe used siii . cssfull} This can he aci ompttshed 
successfully In using n modified towel clip \t> hold the alveo- 
lar portion "I the frai tare together. 



I he onlj seeming exception occurs when a compression 
plate imt) be placed centrally Ol along the traction side. (This 
is not a Hue cseeplion tveausc the compression plate is not 
placed along Ihe basal border. This approach i.iiinoi he used 
for most mandible fractures because the bicoitical compres- 
sion screws will damage tooth roots and/or the inferior al- 
veolar nerves. Ii can. however, be used occasionally in the 

symphyseal region, particularly ifthe mandible is edentulous.) 




FIG. 2-14 
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I'lus tan also he accomplished h> usini! the mandibular 

reduction forceps with side rolleni lo compress ihe alveolar 

border. Note that the initial compression of the hasal border 
with Ihe forceps results in distraction of the alveolar border 
(as expected i 



Upward force i~ then applied to ihe inferior border by us- 
ing the side roller'. 1 Ins results in compression of Ihe alveo- 
lar border. 





FIG. 2-16 



FIG. 2-15 
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Similarly, without precompression of ihealveolar bonier wi* 
sithei .1 bone-holding clamp or a mandibular reduction forceps 
with "siilc rollers, placement of the axial compression screws 
«iii distract the tension side of the fracture, and the superiorly 
directed forces pnn ided by the diagonal (or vertical) holes will 
lx- inadequate in provide adequate stabilization. 




FIG. 2-17 



When properly used, the l-iDi'l' will provide compression 
of both the basal and alveolar borders from its basal position 



l-ong (Reconstruction) l*latc 

A long strong plate with multiple fixation points can be plated 
wherever it is feasible, If there are at least four or five bicoitical 

screws "ii each side ol a fracture, even plaeeineril on Ihe hio- 

mechanically less desirable compression side will prevent 

mobility in all areas of (he hone and. thus, provide adequate 

stabilization for healing leven without tension banding), 




FIG. 2-19 



TORSIONAL FORCES 

These Can generall) be overcome in one ol two "ays as 

follows: 

I . The fust is to use a long strong fixation device with mul- 
tiple fixation points. As the length of Ihe appliance and 

the number of fixation points increase, the rigiditj ol 

the repair and lis ability to overcome the torsional forces 
will also increase. (Thus, a long mandibular reconstruc- 
tion plate With lour or five screws in each fragment will 
support a synphyseal fracture even without tension 

handing. I 





FIG. 2-20 



FIG. 2-18 



2. Multiple fixation points using more ihan one fixation de- 
vice will overcome torsional farces. In the mandible, this 
can be accomplished using an) t>l Ihe following up 
preaches: 

.1 Pwo miniplates can be used. The uppei miniplaie 
overcomes distracting forces, and the addition ol :i 
second miniplate overcomes torsional forces 




FIG. 2-21 



b. A miniplate tension band can he combined with a 
compression plate, hgam.thc upper miniplate over- 
comes distracting forces, and the compression plate 
strengthens the fixation b) adding compression while 
also overcoming torsional forces. 
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OVERLAPPING FRAGMENTS 

I iverlapping fragments, such as those seen in oblique frac 
uin-N or m the placement ol bone grafts, are best stabilized in 
using lag screws. Multiple lag screws will overcome shew 
nig. torsional, ami roi.iiion.il forces thai would otherwise 
mobilize tin- fragments, 





FIG. 2-24 



FIG. 2-22 



t. An arch bar tension band i.m be combined "iih a 
compression plate. I he arch hai serves as a tension 
band and overcomes the distracting forces, ami Ihe 
compression plate ag.un strengthens ihe fixation by 
adding comp re s sion while also overcoming torsional 
forces 




FIG. 2-23 



i. 
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TABLE 11.2 Typical forces and requirements 
{anatomical areas and fractures, as gross approximations! 



Area 


Forces 


Repair technique 


Fronial/aanial 


Minimal 


Wires 
Microplales 

Three-dimensional microplales 
Miniplates 


Zygomatic tripod 
<F-Z)(Z-M> 


Moderate 
(rotational) 


Minicompression plate 
Miniplate (multiple sites) 

Three-dimensional microplate 
(multiple sites) 


Zygomatic arch 


Moderate 
(masseteric pull) 


Wires 
Microplales 


Intraorbital nm 


Minimal 


Wires 
Microplales 


Le Fort 1. II buttresses 


Moderate 
(compressive) 


Miniplates 

Three-dimensional microplales 
(eighl hole) 
Bone grafts with lag screws 


Anterior maxilla 


Minimal 


Wires 
Microplales 


Nose, 
nasoethmoid 


Minimal 


Wires 

Miniplates 

Microplales 


Mandible 


Maximal 
(torsional, 

distracting, 
compressive) 


Miniplates 

Three-dimensional miniplates 
Compression plates 
Reconstruction plates 
(with utmost attention to 
biomechanical principles) 



F. Irontal. Z. zygomatic: M. maxilla. 



CHAPTER 3 



Principles and 

Techniques of Screw Placement 



SCREW THROUGH A PLATE. NO 
( )\ I 1*1 U'I'INC, FRAGMENTS 

Principles 

The basic concepi of screw fixaiion is ihai ihc hole In the 
bone admits the shaft ol the screw, and the threads extend 
beyond the hole into the surrounding bone. A snug in ol the 
shall en the drilled hole prevents the screw from wobbling. 
which can lead to loosening in .1 biological system. The screw 
threads must also hold in the bone, making careful attention 
to the techniques ol drilling, lapping, anil screw placement 
essential A cylindrical hole will hold more threads ihan a 
ninnel-shaped hole. 










FIG. 2-25A 





FIG. 2-25B 



The use of a drill guide while drilling will decrease anj 

tendency toward widening ol the hole entrance. 




FIG. 2-26 



Some screws are self-tapping. These have sharper threads 

to cut the bone as they are placed and tightened They also 

have Rules lo allow the hone debris to escape, NoiiscH-lap- 
ping screws require the use ol a tap to cut the thread in the 
bone prior to the placement ol the screw. I ike a self-tapping 

screw, the tap has cutting threads and is limed. Alter careful 

lapping, the screw is placed. Ol course, the thread on the lap 
must correspond exactly to the thread on the screw. 

Technique 

The proper-sized drill bit is selected, This should correspond 

to the size ol Die screw shaft (mil the thread ri*e). I he drill 

bit should be sharp. (Dull bils should be discarded and not 
reused.) 
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•\ drill guide is used I » hen a» ailable)to minimize wobble 
of the bii as ii drills the bote Irrigation is used lo eool the 
bone during drilling. Minimal pressure is used for drilling. 
and the drilling is Mopped immediate!) after passing through 

the hone. When .1 uhiiiocimIk.iI screw i.s being placed, can." 

musi be used to stop immediate!) after penetrating the first 
cortex. 

I he depth ol Mil- hole is measured using .1 depth gauge. 
When a bicortical screw is being placed, care must be taken 

lo make sure both cortices have boon grasped with the 

depth gauge 



The screw is now placed m the hole. Various screw-hold- 
ing devices are available 10 help hold Ihe screw In position 
while ii is being placed and lightened (When a screw hole 
strips, i.e.. the screw will not tighten and continues lurning, 
an "emergency screw" is placed (discussed later). 




FIG. 2-29 
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FIG. 2-27 



If Ihe screw is no) self-topping, then the hole is now tapped, 

The lap is screwed clockwise into the hole, maktnu sure to 

proceed in the same direction and to avoid wobble, lite tap is 

Ihe Size of the screw thread. (The depth gauge should n"l be 
replaced because it may damage the threads in ihe bone.) 



_E\- 







NOTE: This mere!) (lest ribes ihesirpt im n n wplai tmenl 
Placement of neuiral ver$u\ < oinpresston m raws inn plait is 
disi ussed subsequently, 

I.AC SCRKW (OVTvRI.AI'l'INC HOIST' 

IK U.MIMN) 

soil.: 1 'onlrastthis with the wi lioniinlhepoiilitmin 

The ke> to the proper repair of oblique fractures und over- 
lapping hone fragments (including hone grafts) is the recog- 
nition thai compression can onl) be achieved b> pressing the 
overlapping surfaces together. 




FIG. 2-30 



not by trying lo bring the fragments logethet along the axis ol 

the hone. 



FIG. 2-28 
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NOTE: Axial i ompresslon (as seen •»/ iiu- left} it only effei - 
/in' when Ihe bone edges ohm nnoinsi each filter. II hen tliev 
overlap, axial compression results in distraction Therefore, 
overlapping fragments are compressed together using <i lag 
tcttw lechniqui 



II die screw thread were caught in die first Fragment (act- 
ing like a mil instead of a washer i. then tightening would 
slop when die screw head was lighi againsi die first frag- 
ment. This would prevent further tighiening between ihe two 
hone fragments (see the section on the positioning screw). 



— 



■\V 








FIG. 2-31 



Principles 

The lag screw is a screw placed so that the thread will not 
catch in the first fragment, but it will catch and lighten se- 
curely in the second fragment. The firsl fragment thus acts as 
a washer. It is lightly compressed between the head of the 

. and ihe second fragment. 




FIG. 2-33 




FIG. 2-32 
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For illustrative purposes, compare the iwo situations 111 
Pigs, .'4 .iiui 35. 




^mmtm 







m&g$i® 
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FIG. 2-34 



FIG. 2-35 



In Fig, 3-4, a screw is being lightened into two inn-, each 

of which is firmly held Within a bone fragment; the runs are 

thus prevented from turning (jusi as the anatomy prevents 

Ihc pieces of hone from turning >■ As the screw is lumeil. the 
head gels closer to the firsl nut. Similarly, as the screw is 
turned m threaded holes in IWO pieces of hone, the head jet s 
closer to the first piece of hone. Despite maximal lightening 
Of the screws, because neither the mils nor the bones can turn 
relative M each other, neither the nuts nor ihe bone fragments 
can he brought closer together. 

In the real clinical situation, this inability to compress the 
fragments together is aggravated by Ihe fact that, as Ihe screw 
leaves the first fragment and enters the second fragment, it 



inibally pushes the second fragment away, before the screw 

thread catches in die bone. The distance thereby created be- 
tween the fragments cannot be narrowed as Ihe screw is tight- 
ened. The screw therefore not only does not compress the 
fragments, it actually holds them apart Several such screws 
will indeed stabilize the fragments and keep them from mov- 
ing relative to each oilier, bin they will also maintain a gap 

between the fragments. When this technique is used to repair 

a fracture, this may be enough ol a change in the bony rela- 
tionship to create a malocclusion (rnalunion). Furthermore, 
the lack Of bone-tO-bone contact ma) alSO increase the possi 
btlily of developing instability and nonunion, 
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When a tog screw is placed properly, the hole in the first 
fragment is ovcrdrdlcd (i.e., it is ihc size of the thread rather 

ihan the size of the shall of the screw] no that the thread will 

not catch in the hone. iThe hole should noi significantly ex- 
ceed the size of the screw thread so thai there is little lateral 

plas between the screw and the bone.) 




The hole in the second fragment, however, is the size ol 
the --li.it i of the screw therefore, the screw thread will hold 
tightly in the second fragment. The first fragment thus be- 
haves .is .1 washer rather than as a nut. Although the nut and 
washer cannot turn relative to each other, the nut still moves 
closer to the washer as the screw is lightened (see Pig, .1 J5 1. 

As a result, tightening of the screw in the hone will result 
in compression ol the first fragment between the screw head 

and the second fragment. Compression is thus accomplished. 
A second and third strew placed using the same technique 
will complete the stabilization of the fracture fragments. 



Technique 

The fracture is carefully reduced, and the fragments to be 
compressed are carefully aligned and positioned. The over- 
lapping hone fragments are then compressed together by us- 
ing a bone-holding clamp or a modified towel clip with a 

long ratchet. 




FIG. 2-38 



The drill is positioned so that the Pinal hole will pas-, se- 
curely through both fragments. Hoi maximum stability ol lag 
screw fixation, it has been found that a certain angle of screw 
placement relative to the hone surface and to the fracture di- 
rection is considered ideal. Although this is not believed by 
the authors to he a critical issue, it is shown here for instruc- 
tive purposes (Many surgeons place lag screws approximately 
perpendicular to the fracture. Although not ideal, this does 
seem to work effectively in most situations.) 




FIG. 2-37 
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The ideal direction is found by drawing a line perpendicu- 
lar io the fracture and a line perpendicular to the bone sur- 
face. A line is now drawn dial bisects the angle formed b) Ihe 

Intersection of these two lines. fWi is the ideal direction tor 

placement Of the lag screw 



When available, a drill guide designed specifically tor lag 
screw placement is used. This guide tils into die gliding hole 
and stabilizes the smaller dnll bit The smaller drill bit (the 
size of Ihe screw shaft) is now used 10 drill the hole in the 
second fragment. 





FIG. 2-39 



Note that, ill most situations, this line will be close to per- 
pendicular to the fracture line. This probably explain- why 
-crew placement parpendicuhu to the fracture line usually 
works. 

The first hole should he the si/.c of the screw thread. (Thus, 

if a 2.7-mm screw is used. Ihe inosi common size for man- 
dibular repair, .1 2.7-mm drill bil is used. I Using a drill guide 

to stabilize the drill bit, the first cortex is drilled, taking care 

not to proceed inlo the second fragment. This first hole is the 
■gliding" hole. 




FIG. 2-41 



A countersink is used 10 enlarge the hole in the fiist cortex 
for belter seating of the screw liead. This results in a broader 
surface area of contact between Hie screw head and the hone. 
which results in a more even distribution of pressure on the 
bone, .1 decreased likelihood of shattering the cortex, and a 
less prominent profile ol the screw head over the bone. 




FIG. 2-42 



FIG. 2-40 
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( .not ni measurement ol (he depth ofihis hole is esseniial, 
making sure 10 catch both fragments compleiely w iiii toe depth 

gauge. When a system requiring lapping is used, a lap the 
size ol ihc screw Ihrcad is used Note dial only die hole in ihc 
second fragment will he lapped. The lap should glide through 
the first fragment. The appropriate length strew is selected. 
This screw should glide lliiough the first cortex, and the thread 

should catch in the second cortex. Tightening of this screw 

should compress ihe hone fragments together, thereby stabi- 
lizing the fracture. 




FIG. 2-43 



Despite excellent compression, rotation is siill possible 

■round a single lag screw. At least one more lag screw must 
be placed across an oblique fracture if these screws are Ihc 
only means of fixation. Although two lag screws may be ad- 
equate, three are preferable, 




Note dial, when placing the second anil third lag screws, it 
is critical to use care 10 avoid penetrating the second frag- 
ment with Ihc larger drill hit. This is made more difficult by 
Ihc excellent compression of the fragmenls achieved with the 

fust lag screw, cireai care and a sensitive loueii are therefore 

ill Ihe utmost importance. After all lag screws have been 
placed, repair is complete. 



LAG SCREW THROUGH A PLATE 

If not enough overlapping bone is available tor several lag 
screws or if a stronger fixation is needed as a result of the 
thinness of Ihe bone or the surgeon's preference, lag screw 
and plating techniques can be combined. 

A lag screw may Iv placed through the two fragmenls 
adjacent 10 the plate, or lag screws may be placed through the 

plate. In either case, all screws passing through both overlap- 
ping fragments arc placed as lag screws (not positioning 
screws), and all other screws through the prate (i.e.. those 

through only one of the fragments) are placed neutrally (not 
eccentrically i. 




FIG. 2-45 
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The plate it hem to shape anil positioned across die frac- 
ture. Any plate holes ihal overlap both fragments are identi- 
fied for lag SGRW placement. The lag SCreW(s) isiarel placed 
first using the same lag screw technique described earlier, 
except that the hole is not countersunk because the head of 
the screw will rest in the plate hole. The screw is directed so 
that il will cross the (WO fragments and pull them together, 
regardless nl the angulation Of the screw relative to the plate. 




FIG. 2-46 



Only alter all lag screws thai can he placed ha\ e been light- 
ened can Ihe remaining screws he placed. I llcsc are drilled 
neutrally, perpendicular to the plate and hone. 




POSITIONING SCREW 

A positioning screw is used when overlapping fragments are 

not to be compressed, i.e.. they are 10 be stabilized In a rued 

relationship, i This is used mainly to fix the sagittal split 
osteotomy without compression 10 avoid altering the condy- 
lar position.) 

It is the exact opposite of the lag screw In lad, il is the 

result obtained when a lag screw is placed improperly so thai 

the first hole is a threaded instead of a gliding hole. 

The bone fragments are held in the desired position. Is 
ing a drill guide when possible, the appropriate drill bil. i.e.. 
the size of (he screw shall, is positioned so Ihal the hole will 
pass Ihrough both fragments. The hole is drilled through both 
fragments using irrigation to cool the bone. The depth of Ihe 
hole is measured, being sure to catch the second fragment 
with the depth gauge. When no essar) , both In lies are lapped 
with a hand lap Ihe size of the screw thread, I he outer hole is 

countersunk to allow foi bettei sealing ol the screw head. 

The appropriate-length screw is passed ihrough both frag- 
ments and lightened. Unlike Ihe lag screw, lightening the screw 

will not compress the fragments together. Instead, il will main- 
tain the preexisting distance between them, thus Ihe term po- 
sitioning screw. 



FIG. 2-47 




FIG. 2-48 



A second land preferably a third) positioning screw is 

placed for stabilization of the fragments. 
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■EMERGENCY" SCREW 

The term emergency screw refers to the screw used when a 
hulc in the bone strips. This is a screw with a head and a shaft 
thai are the same as those ol the screw that did not hold (so 

that It will fit appropriately), hut it has a wider thread. It is 

always a self-tapping screw, 

When a screw thai is placed in a hole continues to turn and 
will not tighten, it must he removed A loose screw should 
not be left in place because it provides no stabilization and it 



may be a source of infection, The tailed screw is discarded. 

mh\ an emergency screw of the same length is selected and 

plot ed in the hole. It is carefully screwed ill and tightened 

II this screw strips also, then the hole should be left 
empty. (If there are not enough stabilization points with- 
out this screw, do not leave the plate in place. Il must be 
repositioned or replaced. Leaving a plate with an inad- 
equate number oi Fixation points violates biomechanics! 

principles, does not provide rigid Fixation, and increases 
the risk ol infection and failure.) 



CHAPTER 4 



Principles of Plate (and Screw) 
Application 



NOTE: Differentiation between a miniplate and » com- 
pression plate is u misnomer, unit the use of these terms is 
often confusing I lu compression plate is differentiated 
from a plate thai can only he applied neutrally, i.e .« neu- 
tral-only plate has no compression holes, and it can only 
be applied neutrally 

The term miniplate, on the other hand, refers tap/ate size; 
unfortunately, various shed plates have been called 
miniplates, depending on the system being used Most 
miniplates, him ever, are used with 2.0-mm >. mm r, Hote also 
that miniplates can bet ompression 01 neutral plates, as can 
target and smaller plates 

The term miniplating let hniatte, h hen used in reference to 
mandible fractures, generally refers in the use oj neutral 
miniplates « ith 2 O-mm mono* nrtical screws along the ideal 
line of osteosynthesis as developed b) Champ) {set the set 
Hon nn distractingtcompression forces! This refers /«////,< 
lily in the la hiin/iic andapproach rather than ti> the specific 
plates used 

GENERA] PRINCIPLES 

l-or ihc application ol most plates, the following principles 
me important: 

i Mil- bone lobepltued is positioned and siabilizcd as mudl 
.^ i>o-.Mhic prioi i" beginning plate application 

2. \ letnplaic is generally used. One ih.ti mulches ilie di- 
mensions and shape of die plate to he applied is posi 

Itoned on Ihe hones in the position in which die plate is 
lo l>e placed. Il is iinportam thai the fragments he re- 
duced and held in position pmn io attempting In posi 
nun ihc template, Do noi screw a template in as a fixa- 
tion dci icc. The template is easily benl by hand lo match 
Ihe bom conlonrs 

3, The template is removed from ihe wound. Ihe plate is 

now bent lo match die template as closely a.s possible. 
i Fk ilil> willi bending lakes practice and usually becomes 
easier lo accomplish as experience is gained. Note ihe 



use of inserts when bending Ihe titanium hollow su« 

reconstruction plate I THKi'i. which is discussed later.) 
Note thai repealed bending weakens Ihe metal and mas 
lead io plate fracture (particularly when using titanium). 

It multiple bends have been required. II may be wise lo 

discard the plate and bend another lor implantation. 

-I the plate is then positioned on Ihc hone where H is lobe 

implanted, if ihe bend does not conform well to die bone. 

then final bending adjustments must be carried out at 
this time. 

5. The bending complete, die plate is positioned and stabi- 
lized as well as possible, sometimes With a modified towel 
clip and sometimes with plate-holding forceps or oiher 
device as desired. 

6. When available, a drill guide is posilioned in Ihe plale 
hole, and die drill is placed in il so dial lite hole will be 
perpendicular to the bony surface. 
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FIG. 2-49 
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The appropriate cirili hii rausi be used For ihe size of the 
screw lo be implanted. The drill Hti approximates ihe size 
oi the shaft "i ihe screw not the thread size. (Note thai 
mosi screws are named b) thread size not hy shaft size.) 

7. Drilling is carried out, taking care to minimize drill 
wobble as much as possible. This is important 10 maxi- 
mize the screw-holding power of the bone, which is 
markedly decreased it the hole is Funnel shaped instead 

Ol [ vliiulncal. 
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FIG. 2-50 



Drilling is performed at low to medium speed, without 
pressure and with constant cool irrigation to minimize 
Carnage to the bone. (Bone necrosis will lead io screw 
loosening and a failure of the fixation.) 

a. For monocortical screw placement, great care must 
be taken to stop drilling Ihe moment thai resistance 
da leases, indicating that the drill has passed through 

the first cortex. 

b. For bicomcal screw placement, drilling is contin- 
ued through Ihe second COrteX 

X A depth gauge is now used 10 measure Ihe depth of Ihe 

hole for screw selection, i lie depth gauge has a lip on 

the end that catches the opposite end of the hone. After 
this ha- been accomplished, ihe sleeve on the gauge is 



advanced onto ihe plate and bone, and the depth of ihe 
hole is indicated b> the ruler on the shall ot the instru 

mem where ihe sleeve ends. It is miponanl when using 
bicortical screws m he certain thai Ihe gauge has caught 
the second cortex and not ihe first. 
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FIG. 2-51 




9. At this point, il sell lapping screws are to he placed, pro 
Ceed IO the next Step, Otherwise, ihe hole is now lapped 
w nh a lap thai is Ihe size of Ihe screw thread < ileal care 

must lie taken to lap In the same direction as the hole io 

avoid damage to the hole. The tap is mined clockwise 
until the hole is tapped, and then il is turned counlcr- 
Clockwi&e to remove it, always taking care to avoid any 
pull. push, or angulation that could damage the threads 
and the hole. 
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NOTE: The depth gauge should «"' be reinserted aftet the 
hole has been tapped because the depth gauge may damage 
the threads ''>i» the tap • ut »"" the hum'. 

10. Tlic appropriate length strew is now selected from the 

set md positioned for placement. Various devices hold 
the screws; 

a. A sleeve on the screwdriver ma) hold ihe screw in 

|Hisiiiiin lor placement. Generally, these devices will 
grab the strew head best while the screw is in the 
tray in Ihe set. 

iv Screw-holding Forceps tun be used ro position and 

hold the screw. When using these. Ihe screw should 

be grasped immediately below ihe head 10 avoid 
damage to Its thread. 




FIG. 2-53 



For the same reason, i.e.. to avoid thread damage, 
grasping Ihe screw With a clamp is avoided. 

1 1 The sere" is screwed into the hole. When placing neutral 
screws, each is tightened before the next hole is drilled. 
For compression screws, see Mow (For Ihe THRP. ex- 
pansion bolls are plated after the screws are lightened 

(discussed later).) 
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I'l.ACINC; A NKli'l'RAI. (XONCO.MI'RKSSKJN) 
PLATE AND SCREWS 

A neutral screw serves 10 hold .1 fixation plate firmly to the 
underlying bone. When all screws in a plate ate ik-uh.iI. the 
plate serves as a Fixation device that holds the pieces of bone 
logethei by Fixing the Fragments to the plate, which serves as 
.1 rigid bar and thereby Imparts its strength 10 the Fixation. 
The fixation is only as strong .is 1 1 1 the strength of the fixa- 
tion technique, i.e.. the hold of the screws in the bone, and ( 2 > 
ihe rigidity (strength) of the plate itself, when used along 
with compression screws, the neutral screws are used to rein- 
force the fixation imparted bj compression and by the plaic. 
The key to placemenl ol a neutral screw is to avoid any 
interat lion between the screw head and Ihe plate, other than 
die final seating of the screw head in the plate hole. This re- 
quires central positioning ol ihe drill hole in ihe plate hole. 
When ihe plate hole 1- round and designed to be neutral, this 
is a simple matter. When placing a neutral m. row in an ellipti- 
cal hole, greal care must he laken 10 position Ihe drill hole in 
Ihe center ol Ihe plate hole When available (standard in some 
lyMcnu), specially designed drill guides helpcuuure Ihe proper 
positioning of the drill hole. 




FIG. 2-54 
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PLACING V COMPRESSION PLATE 
AND SCREWS 

Principles 

NOTE: 1 1""/"" 1 '"" odds areata strength i<> the fixation fry 
Inert using the frictionalfon es across the fracture and thereby 
/'.-. reusing the strength of the bridging that » contributed frj 
the underlying hone 

riic compression plate is designed to compress fracture 
fragments together in a predictable way. Compression is 
brought aboui by a planned interaction between the plate and 
die screw. If the head of the screw is positioned so that it 
overlaps a beveled ledge in the plate, tightening of me screw 
will force the plate and screw to move relative to each other 
because two noncomprcssiblc objects cannot oceupj the same 
space at die tame nine. The screw will slide along the bev- 
eled edge ol the plate hole, and the plate will thus also move 

relative 10 the screw (in the opposite direction). 

If the screw has been screwed into a hone fragment, the 
Nine and the screw will move as a unit (which can he called 
a "screw hone Unit"), iherehv creating a predictable rela- 
tive movement between the plate and the bone. 

When the hone fai apposed against another piece ol hone. 
as is the case in a Manure, a screw lodged against a hole in 
die -..line plate that lives the plate to the second piece of bone 
prevents die second piece from moving away, iherehv result 
ing in compression. This is generall} accomplished ill lite 
following two ways in the fixation systems currently in use. 

I Some plates are designed with two compression holes 
on one side and two neutral holes on the other. 



After Ihe head of Ihe screw makes contact with the plate. 
continued tightening displaces the plate and screw head in 
opposite directions relative to each other Ihe screw is pushed 
loward the oilier fragment, bringing the hone w nli it. because 
a has formed a screw — DOM unit Ihe oilier lime fragment 
cannot move away hec.inse the neutral screws thai form a 
Screw hone unit Willi it are held in Ihe plate 
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FIG. 2-57 

\ second compression screw adds additional compressi 
acios- the fracture line. 



ion 




FIG. 2-58 



FIG. 2-55 



Alter reducing Ihe fracture and bending the plate. Ihe two 
neutral screws are placed through Ihe neutral holes into one 
of Ihe fragments. The compression screws are then placed 
one al a tune into the other fragment 




Note thai each hole is drilled and a screw is placed prior lo 
drilling ihe next hole because motion created by eai h screw 
placement could alter Ihe relationship ol the next hole 10 ihe 

hone. A premature]) drilled series oi holes ma) mm out lobe 

slightlj mispositioned, resulting in increased sties-, on the 
screws and therefore an increased risk ol failure 



FIG. 2-56 
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2 i Mhei plates are designed with boles ihai can be used 
n applj compression en both sides ol a fracture, rhese areof 

two types 

I. Some have holes on each side of die plate that arc de- 
signed lin compression and holes thai are designed to he 
neutral (e.g., Howraediea Luhr system). The compres- 
sion holes are used (fast lo accomplish compression across 

the fracture. Neutral screws are then placed in the neu- 
tral holes to add additional support and stability to die 
fixation. 



2. Some are designed with elliptical holes that can In- used 
tor cither compression screws or neutral screws, depend 
ing on the placement of lite drill hole relative to the plate 
hole. Ih.it is. 1 1 the hole is drilled so that the screw head 
overlaps the plate, tightening will rcsull in compression 

However, if the screw is centered in the hole so tli.il there 
is no overlap, no movement between the screw and the plate 
will occur, Thus, a neutral screw is placed This plate gives 
the surgeon the option of using any hole for placement of a 
neutral screw ot a compression screw 

li should he apparent that proper utilization oi a compres- 
sion plate requires careful attention to technique and particu- 
larly accurate screw positioning, 








FIG. 2-59 
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Technique 

When iwo opposing compression screws will he used, the 

plalc has been henl. and n is held in position on ihe hone. The 

drill is positioned in Ihe lirsi hole so thai the hole is eccentri- 
cally placed in Ihe plate hole away from Ihe fracture sile (Ihe 
siie lo he compressed I. i.e., Ihe hole is drilled in Ihe bone SO 
dial Ihe shall of the screw is near ihe edge of ihe plate hole 

(away from ihe Fracture), and the head ol the screw overlaps 
a portion of ihe plate itself 




.7 •■:/•> I ).-.".-,,: 



irszzn — 






The second screw hole is drilled in the opposing fragment, 
similarly placing it eccentrical!) (awaj from ihe fracture site), 

The hole is drilled, measured, and lapped (when appropri- 
ate), and Ihe screw is placed. This screw head similarly over- 
laps Ihe plate hole; 
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FIG. 2-60C 



therefore, tightening ol this screw pushes h toward the 
fracture site i relative to the plate), The screw— bone unit thus 
moves inward the other fragment, 

The first screw is now tightened, adding additional com- 
pression across the fracture. Compression Is now complete, 



FIG. 2-60A 



Screw placemeni is carried mil. hut tightening is stopped 
jusi before the screw head makes contact w ilfl Ihe plate. The 
screw head must Overlap the plate. (< 'oinpression screw s must 

be bicortical.) 






FIG. 2-60D 
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FIG. 2-60B 



Additional hicortic.il screws are placed neutrally I" add 

additional siahihts and support us ihe fixation 
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FIG. 2-60E 



When ciiiuprcsMi >n screw s are on the same side ol (he plale, 
neutral screws lun e alread) been applied in the opposite side 
hi the plale, thus stabilizing Ihe plate to this fragment, 

The compression screw holes overt) Iheretnainhtglragment 
The first compression screw is now placed and tightened 
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Die Second compression strew is now placed (ecccntri- 
tally, away from the fracture) and tightened, thus adding ad- 
ditional compression. When using a compression plate, all 
screws are placed bicortically. 
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FIG. 2-61 




oi course, this is positioned in the plate hole so that it 
utawa) From Ihe fracture. Compression is created between 
the fragments by Ihe interaction between the screw' head 

and the plale 
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FIG. 2-62 
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FIG. 2-63 
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I SB OF THE EDCP 

The EDI P i- n special lype ol compression plate. ITifi stan- 
dard compression plate (sometimes called a dynamic com- 
pression plate or DC'I'i is designed so that the holes arc hori- 
zontal; therefore, proper screw placement will generate axial 
compression forces, i.e., along the axis ol the the plate. 

The EDCP i> designed with axial compression holes and 
angled or vertical compression holes In the angled holes, 
overlapping (he screw head and the plate results in an Inter- 
action between the screw and the plate, as occurs with any 

compression plan- hole However. because the direction ol 

Ihc hole is different from Ihc axial compression holes. [In- 
direction Ol the forces generated is along the axis of the plate 
hole rathei than along the axis ol me plate Itself. 

propel use ol Ihis plate is tricky and requires careful at- 
tention to the following principles and steps. The EDCP is 

designed to provide compression of the alveolar (tract 

side ol a mandibular fracture despite being positioned along 

lhe basal bonier (pressure side! ol the mandible li is specifi- 
callv designed 10 allow for Ihc use ol a compression plate 

along the pressure side ol a fracture in the absence ol any 
form of tension band fixation of the traction side, li is recom- 
mended by lhe authors that lllis technique be used only when 

compression is desired in a situation in which lension band- 
ing cannot be accomplished. (Otherwise other techniques 

should be considered.! 

Ihc plate is designed so ilia! eccentric placement of 
screws m axial holes provides axial compression; cccen- 

trie placement ol screws In diagonal or vertical holes pro- 
vides compression directed superior!) Howard Ihc Upper 
border ol the fracture). 



lb accomplish this, two principles must be observed, and 
lhe following steps performed: 

I lhe upper (alveolar) border must be precomprcssed 01 
held firmly together before any screws are placed 

2. The horizontal (a.xiall screws must he placed (rrstl 

This plate functions as follows: 
I. I he alvcolai border is precomprcssed using towel clips 

or mandibular reduction forceps Willi side roller- 







FIG. 2-64 
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2. The axial compression screws (only wo) are placed and 
lightened sequential!) -is in standard compression plate 
application. Tills i rentes axial compression. 




FIG. 2-65 



a. If the aiveolat border is not held together in some fash- 
ion (s.g.. Nine damp, modified towel clip, or reduc- 
tion pliers wnh rollers i. then the alveolar border will 
be distracted. This will result in .i poor Ihtarion 




h. ii .i bone holding device (e^-.elamp. clip, or pliers 
u ih roller 1 . i holds die alveolar bonier together, then 
ii serves .is a temporal) tension band. and the com 
pressive forces are distributed along the fracture, III 
ihe device wen- removed ui this point, the alveolar 
border of the fracture would gap.) 

3. The more vertically directed screws arc now placed 

(after the two (and only two) horizontal screws), 
fhese are positioned inferiwly in the plate holes mi that 

Ihe screw head plate interaction will push Ihe screw (and 

the hone with iii superiorly. Because Ihe Brst screw In each 
fragment is already holding the bone to the plate, the nunc 
cannot move Straight up. il can only rotate around the first 

screw, thereby closing the alveolar border of the fracture and 
applying compression to this area. 




FIG. 2-67 

When more than lour holes are present in Ihe plate, add! 
lional screws are placed neutrally. 



FIG. 2-66 
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USE OF THE RECONSTRUCTION PLATE 

\ reconstruction plate is different from eithei a standard neu- 
tral plate hi .1 compression plate in lhal ii is designed specifi- 
cally to be able to bridge gaps in bone. Standard (non- 
reconstruciionl plates an! used to repair fractures and bold 
fragments together. The continuity and. thus, the integrity oi 

the repair is provided by the Isone thai is being held together. 

The plate adds stability. bui the bone provides the underlying 

supporting framework. On the other hand, the reconstruction 
plate i> designed to be able to replace the integrity of the 

underlying hone, it can be used m the following situations: 

1. There is bone missing 

2. There is severe comminution so lhal the bone is func- 
tionally absent, even though die Fragments are present 

.'. The bone is exceedingly weak, as is the case in an aim 

pine edentulous inaudible. 

4. Another fixation technique seems to be difficult or po- 
tentially unsatisfactory, Because a reconstruction plate 

can serve to replace a defect, it can certainly provide the 
strength lo he a tailback technique when another lc.li 
nique seems lo provide a lenUOUS repair lor any reason. 

Like standard plates, die holes in a reconstruction plate 

can he designed .is neutral holes, compression holes, oi 
elliptical holes, which can he used cither way. Mending 
and screw application are the same as described curlier. 
The actual technique of application is fairly straigliHor- 

ward and is discussed under the specific anatomical ar- 
eas involved 

USEOFTHETHRP 

Hie IIIRI' is a mondibuhu reconstruction plate lhal is de- 
signed lo provide additional stability by adding two majoi 
features not available with other mandibular reconstruction 

plates (MRPs) 

I. The head Ol the screw is expandable. It fits tightly and 
precisely in the plate hole. An expansion boll is then 
si rewed into the head ot the screw. This expands the slot- 
led screw head, Ihctchy living the head ol the screw In 



the plate, which holds the screw and keeps it stable if 

there is transient bone resorption and loosening ol the 

screw in the bone. So long as some screws remain stable 
in the bone, the remaining s L rcws will remain stable in 
the plate, thereby providing lime lor hone healing and 
resiahih/alioii of the screws in the bone, I his plate thus 

provides all the potential benefits of an external fixatoi 

and the additional benefits ol shorter lever arms and in- 
ternal fixation. 

'. I he hollow screw design allows for ingrowth of bone 
into the screw shads, fills increases the Stability ol the 
Fixation between the screws anil the bone. Plate applica- 
tion is similar lo Other MKI's. except lor certain unique 

aspects (marked whh asterisks). 

a After die template has been bent, the appropriate 

length plate is selected, 

* b. Inserls are then placed in the plate holes SO dial the 

holes are nol distorted during the bending process. 

Mil h: I In* Wi/> iv m/inrrd unlv /or the first generation 

THRP system made by Symhes In the IIIHI' 2 .«*« manu- 
factored by Lelbinger, the need for Ms step has been obvi- 
ated by reiitfon ing the plate Holes so that they will not be 
distorted by normal bending 

C Bending is completed using various bending devices 
as needed. 

1 d. The inserts are removed using u liole-punch-like de- 
vice; (Only with the original IIIRI'. not ITIRP 2.i 

• e. A reamer is used lo make certain lhal the plate holes 

will allow sealing ol the expendable screw heads. 

I Each hole is drilled (Sequentially), measured, and 
lapped fne appropriate length screw is then applied 

and tightened. 

Vfterall screws have been placed, expansion bolls 
.in i icwed into each sciew head lo expand die screw 
head and thereby lix die screw to the plate. 
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CHAPTER 1 

Mandible 



INTRAORAL 

Symphysis and I'aias.vmph.vsis 

i he oral cavity is thoroughly cleansed with a preparation so- 
lution Of the surgeon's preference, such as cblorhexidme glu- 
conate mouth rinse. The mucosa at the proposed incision site 
may be injected Wtfll a vasoconstrictive agent n the surgeon 
prefers. An incision is made from canine to canine in the 



mental region. The first incision is made through the mucosa 
only, evening the lower lip with retiaciors placed on each 
side of the midline. The incision is placed at least 5 mm away 
from the mucosal gingival junction and is earned only through 
the mucosa. The scalpel blade is held at right angle, to the 
underlying mucosa. The second incision is then made through 
the first at right angles to the underlying hone and is carried 
down through the submucosa. musculature attachments, and 
periosteum. 






\ 



FIG. 3-1 
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Laterally, core musi he taken to avoid the menial nerve, 
which i~ identified during ihe subperiosteal dissection. While 
grasping the inferior pari of the mentum in one hand t^i sup 
P> >n. the surgeon uses .1 periosteal elevator to elevate perios- 
teum and overlying soli tissues '»l the bone. 





FIG. 3-2 
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During ihe course ol llieelcvaiion. the iiaciuic site is iden- 
tified bs are ihe tooth roots ol Ihe anterior leeili. Ai ihe most 
lateral portion of Ihe incision, the mental foramen and 

braiX has Ol this nerve can be readily seen and preserved dur- 
ing Ihe dissection. The menial foramen can be identified wilh 



lis exiling nerve, thereby preserving the neurovascular bundle. 

The dissection is earned inferiorlj to alien* adequate appli- 
cation of the fixation system, but ii is not so extensive that ii 
would elevate areas of ihe periosteum not essential to ihe 
application ol the plate. 



t 
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FIG. 3-3 



Following plate application. Ihe wound is Ihen irrigated, 

and Ihe closure is accomplished in IWO layers. A suture of 
die Surgeon's choice is used. Ihe firsi layer begins al the 
midline and works laterally first lo one side and ihen Hi the 
other. The first layer is usually a running horizontal mallress 

luture. Following iMs. the closure of the second layer is per- 
formed. Closing the evened edges oi the mucosa m a simple 



continuous fashion, Adhesive elastic bandages may be ap- 
plied m Ihe chin region in die area of the labio menial fold 
above anil on Ihe inferior pan of the menlinii below lo help 

eliminate dead space, or a 19 gauge butterfly dram may be 

brought out through Ihe skin under Ihe mandible and placed 

into a vacuum tube lor suction, 



74 / UNIT III 
Mandibular Bod % v 

The incision is made In the area o( the fracture sue through 

I he mucosa iiukiiii! sure that ilic incision is perpendicular to 



ihe mucosa. B> keeping ihe incision approximately 5 mm 
from ihe mucosa gingival junction, ihe second (deeper) inci- 
sion usually incises the periosteum above ihe region of the 

memul nerve. 





FIG. 3-4 
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However, il llu-rc is crnicem ahiiul injury' I" 'he nerve. Ihe 

deeper incision ma) he started in the posterior hody in the 
irea ol die firsl and second molar and second bicuspid. Peri- 
osteal elevation begins in this area. Then, under direct visual- 



ization, the elevation is earned oui from posterior to anterioi 

Until Ihe menial nerve is identified. The incision may ihen he 
safely completed in ihe area of ihe canine and first bicuspid. 







X 




FIG. 3-5 
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FIG. 3-6 



Following plate application, ihc wound is irrigated, and the 

closure is accomplished in two layers. \ suture ol the 
surgeon's choice is used. The Hrsi layer is usually a running 
horizontal mattress suture. Following (his, the closure of the 

second layer is performed, closing the evened edges ol the 



mucosa in a simple continuous fashion A compressive drevs- 
ing aids mi minimizing dead space, or a 19 gauge butterfly 
drain may he brought out through die skin under (he man- 
dible and placed into a vacuum tube lor suction. 
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Mandibular Angle 

Hii.- Incision forsppfoaehing the angle *>• identical i<> thai of a 
sagittal -split ramus osteotomy, 



\ 










FIG. 3-7 



78 / UNIT III 

The incision is hegun on the anterior ramus at the level ol 

the maxillary occlusal plane. Il is then carried ilow n |tist along 
the lateral portion of Ihe anterior ramus and. following the 

oblique line, continues forward approximately 5 mm from 

the attachment ol the mucosa and gingiva to extend .inlcri- 
iii 1% to the level of approximately the first molar. 




FIG. 3-8 
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After subperiosteal dissection and exposure of the frac- 
uire site, die lissue of the medial portion of ihe incision may 
be retracted t" Ihe contralateral side with either an elevator or 
a traction suture. 




FIG. 3-9 
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ii'ihc incision is made too Far laterally, then excessive tis- 
sue results on Ihe medial portion of the incision, and llns makes 
exposure of the oblique line in lilt* retrotnolar trigone area 
much more difficult If the incision is extended loo far supe- 
riorly, then the buccal fat pad ma) be entered, which will 
protrude into the wound. 

hollowing plait application, Ihe wound is irrigated, and the 

closure is accomplished in two layers. Asuture of the surgeon's 

choice is used. The firsi layer is usually a running hoh/onial 

mattress suture. Following tins, the closure of the second layer 
is performed, closing the evened edges of Ihe mucosa in .1 
simple continuous fashion. A compressive dressing aids m 
minimizing dead space, ora suction drain may be brought oul 
through the skin under the mandible. 



Kanius/Subc-ondvhir 

The approach to Ihe condylar region from an intraoral inci- 
sion is similar to thai for the angle. This approach is techni- 
cally difficult and demands .1 great deal of experience 1 10m 
the surgeon. Since 11 is not commonly used and is difficult 10 
illustrate, it has not been included in this book. As the sur- 
gl becomes Comfortable with exposure of the angle and 

coronoid process, condylai pathology may be addressed via 

lliis approach after reviewing indications foi intraoral reduc- 
tion and fixation 
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EXTRAORAI. 

Symphysis ami I'ni .isvmpln sis 

The skin is prepared wiiti a preparation solution of the 
surgeon's choice. A vasoconstricting ageni maj be used to 

inject Ihe proposed incision sue il the surgeon so desires. 

An incision is made through the skin and subcutaneous tis- 
sue in a horseshoe-like fashion following ihe inferior bor- 
der of Ihe mandible. 




FIG. 3-10 
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\ii;-i adequate hemostasis, the incision is continued down 
through the platysma to the inferior border of the mandible. 
At this point, an incision is made in the mandibulai perios- 
teum, and a periosteal elevator is used to dissect the perios- 
teum liom the buccal cortex of the mandible 



... 










FIG. 3-11 



After ibe application of plate fixation, the wound is irri- 
gated and then closed in layers with a suture technique and 
material of the surgeon's preference. If significant dead space 
occurs, a drain should he used lli.il ma) easily be removed SI 
24 hours. 



Mandibular Body/Angle 

The incision should be made in a natural skin crease. Since 
ihc incision will He tarried only through ihe skin and Subcu- 
taneous lissue. this may he higher toward the inferior border 

of ihe mandible. 
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FIG. 3-12 



After Ihe incision is carried down through the skin and 
loft tissues, the dissection may then proceed interiorly above 

ilk- pl.ity stiiii to B level Of approximately two fingerhreadths 

below ihe mandible. At this point, the phuysma is incised. 

anil the dissection is then turned deep to the platysma in Ihe 
suhplatysmal plane. The dissection can then proceed superi- 
orly toward the inferior ■border ot ihe mandible. The mar- 

final mandibular branch of the facial nerve courses through 

ihc operative sue. ami iiiis nerve may he identified Immedi- 



ately beneath the plalysma as the surgeon dissecls superiorly. 

As an alternative, ihe dissection mav Ik- carried deeper through 
the deeper cervical fascia to approximately the level of ihe 

submandibular gland. The capsule of the gland is identified, 
and ihc dissection in this subfascial plane I hen allows ihe sur- 
geon to approach Ihe mandible deep to the marginal nian- 
libular branch of the facial nerve. In llns approach. Ihe nerve 
is mil identified. The surgeon must choose which of these 

approaches is best suited for a particular cane 
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As [he inferioi bordei ol the mandible is exposed, the pe- 
riosteura is incised; attachments ol tin- massetcr muscle are 
also incised. A periosteal elevator is used to elevate the peri- 
osteum superiorly, and the Fracture sue Is exposed, 

After the fixation plate has been applied, the wound is 
closed m layers with a technique and suture oi the surgeon's 

preference. A drain is normally used in this aiea because dead 
spate is created during the dissection. 

Raiiius/SuIk-oiuK lar 

Tbe exiraoral approach to the ramus and condj le is similar to 
the approach to the angle. The illusion and the exposure of 
the angle are covered in detail in the previous section Hiis 
exposure is useful bs an approach to fractures of the ramus 

(horizontal, vertical, and oblique) and fractures of the suh- 
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condylar region m which the posterior aspect of the fiacture 
traverses the ramus. Although it can he utilized lor fractures 

of the condylar neck, significant traction is necessary tor ad- 
equate exposure, and, this places the facial nerve under ten- 
sion I he preauricular approach avoids this traction when used 
to expose Inch condylar fractures. 

I he technique for the initial exposure is described on pages 
83-85. Hollowing incision of the periosteum and massetei 
muscle insertion ulteriorly, a periosteal elevator is used to 
perform a subperiosteal dissection of the angle and ramus of 
the mandible. The dissection is carried superiorly until suffi- 
cient exposure ol the fracture site is achieved to allow appli- 
cation ol the Fixation device. 

After the fixation plate is applied. Ihe wound is closed in 
layers. A drain is normally used in this area because dead 
space is created during lire dissection. 




FIG. 3-15 
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Preauricular Approach 

The preauricular approach allows wide exposure of the 
temporomandibular joint and condylar neck. The resultanl 

scar is cosmetically acceptable and blends well with existing 
skin creases. The incision is identical to thai used in a 

parotidectomy, eliminating thai portion which extends infe- 
rior 10 the lobule. Since the frontal branch of the facial nerve 

courses In close proximity to the condylar region, forehead 

weakness or paralysis is possible secondary 10 nerve remit 

non or transection. 

The incision is placed in a natural skin crease anterior to 

the .n.i u le, starting si the level of the superior portion of the 

auricle and extending to the base oi die lobule. Il should fol- 
low the Curvature ol Ihe tragus. Following Ihe skin incision. 

the dissection is performed In Ihe areolar tissue between ihe 
perichondrium of the tragus and the posterior capsule oi ihe 

parotid gland. When the dissection reaches the level of Ihe 



capsule ol the temporomandibular joint, ii proceeds anteri 

Orl) and inferior!) alone the surface ol the capsule. Al Ihe 
inferior insertion of the capsule and Ihe condylar neck, ihe 

periosteum is incised and a subperiosteal dissection is car 
tied qui Interiorly toward ihe fracture site. Throughoul ihe 

dissection, ihe overlying soli lissues are gcnlly retracted keep- 
ing in mind ihe location ol ihe facial nerve. Care musl he 

taken also 10 avoid ihe auriculotemporal nerve and superfi- 
cial temporal artery, although small branches ol the ancry 

will Ik- encountered and may be cauterized With bipolar 
cautery. Once ihe fracture sile is exposed, ihe fixation dev Ice 
maj be applied following reduction. II necessary, die facial 
nerve may be identified and protected as ii enters ihe parotid 

gland. 

ihe wound is closed in layers m a cosmetically accept- 
able manner. A pressure dressing ma) he applied 10 reduce 
the possibility ofposlopcrainc hematoma formation. 



CHAPTER 2 



Mid and Upper Face and Skull 



< ORONAL APPROACH 
Introduction 

i hi oronal approach is a useful approach to obtain extensive 

exposure ol ilk- cranium and Upper s traniofac ial skeleton, in- 
cluding the orbits ami the nasal bones. Tin- areas ol exposure 

Include the entire forehead, the anteridi half ol the cranium, 
ami the entire xygoma. Prom the root of the zygoma and the 
temporal bone to die frontozygomatic suture .u\ii inferior!) 
along the inferior orbital rim to the infraorbital foramen. Me- 
dially, the exposure extend* over ihc row of die nose and 
Ihe nasofrontal SUture onto die nasal hones and In the upper 

lateral cartilages, and with further extension of the dissection. 

10 ihe nasal up itself. The enure orbit ma) be skeletonized, 
includinu die superior and lateral orbiinl rims, the orbital floor, 
and die medial eiintliul ligaments and lacrimal sae. Il is useful 

when access 10 these areas is required m eases of elective 

osteotomies 01 in eases of upper and midl'aciul fractures, in- 
cluding nasoeihmoid complex fractures. 



Postoperative infection is a rare complication. Ihe most 
common complication is widening ol ihe sear ai ihe top dI 
the head Postoperative paresthesias iio.stenor to ihe incision 
do occur, which are temporarj in nature, rransienl hair loss 

cm each side of die incision and postoperative weakness ol 

ihe temporal branch ol die facial nerve thai innervates the 

nnisi nliis frontalis are also seen less frequently. The decision 

as 10 whether die head should he shaved is sole!) left in the 

disc i el inn of Ihe surgeon. It dural exposure is not anticipated, 

then no shaving needs to he performed; however, shaving 

approximately a 2.0-cm wide strip at the incision site allows 
a firmer grip lor the R.niu-s clips IO provide heiii.istasis The 
sc.ilp is prepared with a preparation solution of ihe surgeon's 
choice, and the proposed incision sile is marked and ma) he 

injected with a vasoconstriciing agent, Right-angle retractors, 

such as die Langcnhcck type, periosteal elevators (e.g„ bea- 
ver lads and number 9s). ot a fine-poini dissecting hemostai 
expedite coronal exposure. 



N- 
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Titlinique 

Wilh the patient in a mpine position, the head i~ prepared and 
draped. The incision is made through the scalp, tin- subcuta- 
neous tissues, and the galea into the loose areolar layer of the 
scalp between the galea and pericranium. 
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FIG. 3-16 
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The Incision ran be made initially in the midline, and 
hemostasia can be obtained with cautery, scalp clips, or run- 
ning o silk locking suture 








FIG. 3-17 
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Alter the imli.il midline portion nt the incision is made, the- 

remaining incision ma} be facilitated b> having in assistant 

dissccl laterally in die areolar layer between the galea and the 

pericranium using a hemosuu. Tins allows ihe surgeon to 



quickly complete die incision in ench direction, by culling 
directly over the liemostal down through llie galea, without 

concent for inadyeruuil penetration of the pericranium. 







FIG. 3-18 
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Continued hemostasia is achieved until the incision is com- 
plete, usually from pwtrageal urea to prctrngus. If exposure 
of only one zygoma is required, then the incision need not 
extend all ihe way into the contralateral pretrageal region. 

The dissection is then carried anteriorly in Ihe areolar 
suligaleal plane, dissecting toward the coronal suture ami the 
supraorbital rims. The dissection here is relatively bloodless 
and may he facilitated by die use of cutting cautery. The dis- 
section proceeds forward past the coronal SllturC between both 
temporal lines, and laterally, the dissection is carried in the 
■KOto layer overlying the temporalis fascia. 







FIG. 3-19 



However, care iiiusl he taken nol to extend below the lenipor.il 

line of fusion because injury to the temporal branch of Ihe fa- 
cial nerve may occur lateralis as the nerve passes over the zy- 
gomatic arch. As the dissection proceeds anteriorly. Ihe scalp 
can tie everted. 
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Ac approximately 2.0cm supcrioi to the supraorbital rim. 
ihc pericranium It incised, and the dissection is continued 
directly over the boric. This subpcricraiual dissection conlin 
ties to the supraorbital runs when- the supraorbital neuro- 
vascular bundles are identified 
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FIG. 3-20 



If the) are free in the notch, then the) may be genii) 
teased out oi the notch and reflected forward into the scalp 

Hap. However, if I hey are enclosed in a true toramen. a 

small osteotome is used to osteotomize and excise the bridge 



of bone along the inferior portion "i the foramen (orbital 
side), thereby allowing decompression of the nerves and 
retraction ol [he nerves into the flap, thus preserving sen- 
sation to the forehead. 
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FIG. 3-21 
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The dissection may continue ovet the nasal bones ji ihis 
point. However, ii complete skeletonization ol Ihe upoei b 
cial boms is required, this Is often easiei lo do after the lat- 
eral exposure has been accomplished. 



Hie dissection is then lumed lateral!) lo the area overt} 

Inu Ihc icmporul muscle. To avoid Ihe temporal branch of ihe 

facial nerve, the te m por a l hue of Fusion ol the superficial and 
deep layers of the Jeep iempor.il fascia is identified. 
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FIG. 3-22 



It the dissection continues superficial to the fascia, then 
the frontal branch ol the facial nerve is transected. 
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Inferior to this line, .1 fai pad is seen. Incision of the supei 
Rcial layer ol die deep lemporal fascia exposes ihe fai. 
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FIG. 3-24 



Aller this is exposed, llie dissection is then Carried inlerioiU 

111 iiu- 1 .11 pad 10 the zygomatic arch. 
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Exposure is often easier il (he surgeon angles ihe incision 
in ihe fast i.i backward and downward ahonl 30 Less icni 

poral fascia is taken up in ihe Hap. and much easier maneu- 
verability ol Ihe Flap itself is achieved. 



ihe dissection continues through the tat pad to ihe zy- 
gomatic arch. The arch is approached iniliully al Ihe root 
where Ihe periosteum is incised along Ihe superior portion 
of the arch. 
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FIG. 3-26 






A subperiosteal dissection is iIk.ii performed, from supe- 
riorly and medially l» interiorly and laterally over me lop of 
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The dissection proceeds uttedort) along the arch with this 
dissection technique As ihe dissection proceeds, ihe tempo- 
mi branch ol the facial nerve is retracted laterally with the 
periosteum of the an.li and the superficial layer of Ihe deep 

temporal fascia. 



At ilns poini in the dissection, n is Important to avoid the 
use of sharp instrumentation because penetration by a sharp 
instrument ol the fascia and periosteum in this area eould 
also lead to injury of the temporal branch ol the- facial nerve. 
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FIG. 3-28 
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As Ihc ilisM.-i.luin proceeds lorwanl lo the hn.K cil ilk- /y 

goniu. the fascia will \v adherent 10 the periosteum ai ihe 

literal supraorbital rim from jusl below the level of the 



rrontozygomatic suture to jusl above the juncture ol the arch 
and body of the zygoma. 




FIG. 3-29 
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After the surgeon has ascertained thai the frontal branch of 
the facial nerve has been protected, this tissue may be sec- 
tioned along the lateral orbital rim by continuing posteriorly at 



the posterior edge of the zygoma as ii enters the temporal fossa. 

Alter this has been achieved. Ihe dissection then can proceed 
in .1 subperiosteal plane 10 the lateral Orbital rim itself. 




t 



FIG. 3-30 
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II a total orbital exposure is necessary, then a curved pen- 
osteal elevator is used and placed in the orbit, and the 

periorbita and periosteum of the frontal bone and zygoma are 



elevated Iree from the underlying bone I Ins would include 
detaching the lateral canlhal tendon, which may be reattached 
at the end of the procedure. 
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FIG. 3-31 
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[7w orbit ihen is skeletonized superiorl) and laterally with 
iIk- dissection continuing toward the floor of the orbit and the 
infraorbital rim. Dissection is continued subperiosteals and 
the infraorbital nerve and nygomatico-maxillar) suture are 
exposed along with the anterior surface ol the maxilla- 
After this has been performed on both sides, it is then easiei 
to complete the dissection of the root of the nose. Attention is 
turned to the medial portion of the face. The siih|x-riosleul 



dissection proceeds over the glabella in the midline ol the 
frontal hone to the nasofrontal suture. Some degree ol resii 

lance is noted here because there is adhesion ol lire perios- 
leuin at the nasofrontal suture Following the release of this 
attachod area, the dissection should proceed easily over the 

nasal imnes themselves mm\. n necessary, it maj be extended 

down alone the upper lateral cartilages 
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FIG. 3-32 
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If the medial cubital walls ate involved in the injury or the 
osteotomy, then the exposure continues posteriori) Into the 
Orbil in J subperiosteal plane. The anterior anil posterior limbs 

of the medial canthal ligaments and the lacrimal sac are iden- 
tified. In this area, caution must be taken because injury to 



the anterior ethmoidal artery is possible II the dissection must 
proceed into IhU area, the surgeon may use ligature clips to 
ligale and divide the artery, therein reducing the chance lot 
orbital hematoma formation. 




FIG. 3-33 
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Occasionally, retraction of me flap over die nasal bones 
may be difficult as a result of restriction hy ihe periosteum, 
Scoring of Ihe periosteum ma) he performed, therein allow 



im; for easier access lo ihe nasal dorsum. Whether this peri- 
osteum requires closure al the end of the case is up to [he 

discretion of the surgeon. 
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FIG. 3-34 



The entire upper facial skeleton is exposed 
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Closure 

Ai the completion ol the procedure, the area is irrigated, and 
hemostasia is completed If die medial and lateral canthal liga- 
ments require reattachment, they should he secured at this 
time, Also, the temporal fascia should be resuspended to al- 
low lor proper soil tissue draping. 



The scalp Is then closed in a two-layer fashion, 3 — 
resorbable suture ol medium- to long-term duration is used 

to close the layer ol the galea. This is followed by closure of 

the scalp with staples or suture, depending on the preference 

nl the surgeon. A craniotomy type of dressing may be ap- 
plied, and the choice of using a drain depends on the prefer- 
ence of the surgeon. 



Close suture through laieral canltrus 
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FIG. 3-36 
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SUB1.AHIAI. 



Iniroduclion 



I In- suhlal-ii.il approach is one chat rapidly exposes lite lower 
half of the midlacc. extending from the maxillary denial arch 
inl'crinrly lo llie body of die zygoma laterally and medially 10 
Ihe nasal process ol [he maxilla and die inferior portion Ol die 
nasal hones. This also includes die infraorbital inn and Ihe 
lateral and medial hultrcsses of the maxilla. The suMahial 

■pproach is indicated when approaching fractures and 

osteotomies thai involve die maxilla ai die l.e Port I and II 
level and hemmiaxillary fractures, malar complex fractures, 
and medial maxillary fractures. Infection is an unusual coin 
plication, and a more common complication is wound dehis- 
cence, injury to the Infraorbital nerve during the exposure oi 

Ihe upper portion of Ihe maxilla is also a complication of this 
incision. Care must he taken when making the incision to 



allow ioi an adequate cult ol free mucosa for latet cloture 

and lo avoid extending the incision loo close lo the gingival 
[unction, If this ixcurs. as wound healing and scar contracture 
heguis. Ihe gingiva may he pulled superiorly, resulting in gin- 
gival recession and the possibility of exposed cementiim or 
periodontal disease. With Ihe patient asleep the oral cavity is 
thoroughly irrigated with saline. A sponge or toothbrush is 
used to brush the teeth and the entire oral mucosa thoroughly, 
including Ihe buccal mucosa, tongue, palate, and die floor of 

mouth. The oral cavity is again irrigated, and die preparation 

may he repeated wilh a chlorhexidine gluconate mouih rinse. 
Severe calculus formation or periodontal disease may require 
preoperative cleaning and scaling of the teeth prior lo begin- 
ning Ihe actual procedure lo reduce Ihe possibility of con 
lamination. The instrumentation commonly used includes 
Langenbeck retractors, periosteal elevators, and i-iascr .,r 

similar small suction lips. 
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Technique 

Al'lcr Ihc oral cavity has been prepared in accordance with 
Ihe earlier guidelines, a righl-iui.uk- relraclor is inserted in ear, h 
upper buccal sulcus, exposing Ihe entire interior lace of the 
maxdla from tuberosity to tuberosity. The proposed incision 

-He ni;i\ be injected with a vasocoiisiriciing agent. An initial 
incision is made in ihc mucosa from ihe maxillary first molar 
only to Ihe maxillary first molar. Ilus is carried only through 



the mucosa with the scalpel held at 90* t„ the mucosal bed. A 

second incision is made through the first, which goes through 
the submucosa and the periosteum down to the maxilla. This 

incision is made at right angles to Ihe anterior face of the 
maxilla and the underlying hone posteriorly. Care must be 

taken to maintain at least a 7.0-mm cuff of free mucosa so 

lh.it a two-layer everted closure can be achieved to prevent 
the gingiva from recessing during scar maturation. 




FIG. 3-37 



Hemostasia ma) be appropriately achieved with earner) 
If further posterioi exposure is required, the incision ma) i* 
carried back to the report of the second molar. However, if 
the Incision Is carried snperiori) in il"- region, the buccal fin 
pad is encountered, which will herniate into the operative site. 

In the one-hand suction technique, wWi an assistani hold- 
ing a right-angle retractor to elevate the tissues of the lip 
and cheek, the surgeon uses a periosteal elevatoi in one hand 

and .. sue lion tip in the oilier to elevate llie lissiies of (he 

midface Dissection is performed in a subperiosteal plane. 
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extending from the piriform aperture to the lateral buttress. 

Medially, the dissection is earrieil superiorly to the level of 

the infraorbital nerve, which is identified and preserved if 

necessary, the elevation may proceed superiorly alone the 
medial buttress, exposing the infraorbital inn. nasal process 
Of the maxilla, and the inferior portion of the nasal bones. 

Lateral to the infraorbital rim, the dissection continues su- 
periorly over the malar prominence 10 the level of the lal- 
eral canihus and laterally over the bod) ol the t) goma 




FIG. 3-38 
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In the IWO-haiK) technique, the surgeon is sealed at the 
patient's head with an assistant holding the retractor parallel 
to the lip and the hueeal .soft tissues. A second assistant sit- 
ting on the surgeon's right side holds the suction up. and the 

surgeon holds a periosteal elevator in each hand. Rather than 

a pushing motion, as in the one hand suction technique, the 
surgeon uses the elevators in a scraping technique, pulling 



the soft tissues tree from the bone in a subperiosteal plane 
from inferiorl) to superiorly toward the head. The same de- 
gree of exposure is obtained with the one-hand suction tech- 
nique; however, the dissection with the two-hand technique 
proceeds more i,i|iidl> than wilh the one-hand Miction lech 
nique. Two assistants are required, however, to perform the 
tWO-hand technique. 








FIG. 3-39 
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li necessary. fte piriform aperture and Moor of ihc nose maj 
be skeletonized by using a right-angle Freer elevator to dissect 
over the piriform aperture and along the floor of the nose and 
then along ihc Inferior meatus dc\ atJng ihe mucosa from the 

underlying bone 

The dissection of Ihe lateral hultrcss proceeds in a sub- 



periosleal fashion. If necessary. Ihe incision may he length- 
ened to provide more direel exposure in ihis area and. in par- 
licular. 10 Ihe pterygoniaxillury fissure. II the ItK ision extends 

superiorly in the region of Ihe second molar, ihe buccal l.n 

pad may he encountered, which may then herniate into ihe 

.■per. Hive field. 




FIG. 3-40 
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Cloture 

Prior 10 definitive closure, hcmosiasis musi be achieved. The 
mucosa is then undermined in the submucosal plane for ap- 
proximately 3 to 5 mm. This i.s done only on ihe lip and 
buccal soli tissue side of the incision and not on the mucosa 
and gingiva side ol it, This is done with a scalpel and a skin 
hook, noi wilh forceps. After ihe undermining has been com- 
plete (which allow- for eversion of the soli tissues on clo- 
sure I, the WOUIld is then closed in two layers. A submucosal 



periosteal suture is placed with material of the surgeon's 
preference (gauge. 2 — or 3 — (I). This is fashioned through 
these layers in a continuous horizontal mattress suture, be- 
ginning from the midline and extending oul laterally This 
ensures the correct position ol ihe soft tissues of the midface 
in relation to the underlying bone. I he second layer uses a 
-I — suture, which is then used to close Ihe mucosa lhal has 
been evened. Only Ihe mucosal edges are approximated with 
this suture in a simple continuous fashion. 







FIG. 3-41 



SURGICAL APPROACHES / 115 



TRANSCONJUNCTlVAiyi-ATHRAI. 
CANTHOTOMY 

Introduction 

The transconjunctival lateral canlhotomy approach provides 
wide exposure to the orbital Hour, lateral orbital wall. 
infraorbiial rim. and lateral orbital inn up to approximate!) 

10 cm above the frontozygomatic suture This approach is 
indicated ill addressing fractures in these areas. The compli- 
cation rule is low; however, blunting of ihe lateral canthus 
and entropion may occur. These problems are eliminated dur- 
um die closure by approximating the cut edge of the tarsal 

plate to the lateral canthus with a .semipermanent suture. The 
periorhil.il area i- prepared in the usual fashion with pic.au 
lions lo avoid gelling the preparation solution into Ihe eye. A 
ciirncal shield may be used at tile discretion of the surgeon. 



I'he instrumentation includes a number IS scalpel blade. 
WestOOtl scissors. Desmarres retractor, and twooi more II .5- 
nun forceps. A Cuslrovic|o needle holder is convenient at the 
tunc of the closure. 

Technique 

The proposed incision sites may be injected with a vaso- 
constricting agent. II a lateral canlholony is to he performed, 
an incision is made in Ihe skin through the lateral canthus. 
which extends laterally to S to 10 mm onto Ihe facial skin. 
This is placed through a skin line and extends through the 
skin and subcutaneous tissues to Ihe mUSCUlUS orbicularis 

oculi. At this point, a small artery is usually encountered neat 

the lateral canthus. Tins may be cauterized using bipolar, heal. 
01 monopolar CBUtcr) Fine scissors arc used to incise the lower 
hall ol the lateral canthus. 
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FIG. 3-42 
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In Iho preseplal approach, following Ihe lateral skin inci- 
sion, the laleral portion of ihc lower lid is evened easily h> 

using ihc- (1.5-nini. Castioviejo forceps. Wescotl icisson are 
used lo incise [he orbital septum approximately 5.0 mm infe- 
rior to the tarsal pltfC A preseptaJ tunnel is created with Ihc 



scissors. With one Made placed in the tunnel and the oiher blade 
over ihc conjunctiva, the orbital septum is sectioned hy Ihe 
scissors. This dissection is carried medially to .1 distance no 
closer than 5.0 mm lo the lacrimal puncia (Fig. 42B and C> 





FIG. 3-43 
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After the incision is complete, ihe dissection is carried in 

I ho plane 1 between the orbital septum and the musculus 
orbicularis OCulL Tlie tfiaseclion is carried down to the or- 
bital rim for Iho entire incision. Care is laken to preserve Iho 
intraorbital nerve. 

An incision is made on the facial sule ol' Ihe intraorbital 
rim periosteum above Ihe inlraorbilal nerve. I sing a peri- 
osteal e\c\ alor ol appropriate si/.e. a subperiosteal dissection 
i- then performed la expose Ihe orbital floor. 

II exposure is needed to the lateral orbital wall and the 
Ironto/.ygomatic suture, the subperiosteal dissection then con- 
tinues laterally and superiorly in these areas to expose the 

operative site 



In Ihe postseplal approach, billowing completion of the 
lateral canthotomy and ihe facial skin incision, the lower lid 
is everted with the use of 0.5-mm. C'astroviejo forceps. The 
infraorbital rim is palpated, and an incision is made through 
the conjunctiva and the lower lid retractors down to Ihe 
infraorbital rim. Following the incision, a subperiosteal dis- 
section is then used to expose Ihe orbital floor, If the lateral 
orbital w'all and lateral orbital rim also require exposure. Ihe 
subperiosteal dissection continues in this fashion. Orbital fat 
is encountered as the dissection continues around Ihe rim and 
laterally in the postseplal plane. 



In the frontozygomatic suture dissection, whether the pre- 
or postscptal approach has been used, it the Ironto/ygomalic 
suture requires exposure, the dissection is continued lateral!) 
along the lateral orbital run and then superiorly to a distance 
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of approximately 1.0 cm above the frontozygomatic suture. 

This is accomplished directly b\ using .1 l-reei type nl pen 
osteal elevator and either a small Langenheck retractor or a 
Senn retractor. 
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FIG. 3-44 
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Closure 

The conjunctly! may be Closed wilh a 6 — chromic buried 
knot Suture starting medially and continuing laterally to the 
area of the cuntholomy. Some surgeons prefer not to close 
the conjunctival incision. 

A long-lasting suture material is used to secure the tarsal 
plate to the lateral canthus. The lower lid is grasped with the 
tt.s-nim Castrovicjo Forceps, and a suture is placed through 
the lateral aspects of the Cut tarsal plate. The suture is then 
placed through the lateral canlhal ligament posteriorly to the 
lateral orbital rim altachmenl so that, by tightening the su- 
ture, the lid is pulled up and in. 

The Subcutaneous and deep layers Of the facial skin inci- 
sion are closed, and the skin may be approximated with ei- 
ther suture maierial or strip Adhesive, depending on the 

preference. 



SUBCIUARY 

Introduction 

The suhcihary approach can provide wide exposure to the 
infraorbital rim. orbital floor, lateral orbital rim and wall, and 
Ironto/v gomatic suture. It is indicated when approaching frac- 
tures involving these areas. The approach has a fairly low 
complication rale: however, ectropion, particularly in a se- 
verely traumatized patient, mas result, The degree of pen- 
orbital soft tissue injury dictates whether this approach should 
be used or not. The periorbital area is prepared in the usual 
fashion, taking care to avoid introducing the preparation so- 
lution into the eye. A conical shield may be used The instru- 
mentation for this approach is identical to that for a hlepharo- 
plasty. and the small line-point scissors, small forceps, and 
skin hooks, along with bipolar cautery, are the instruments of 
choice. 
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Technique 

A vasoconstricting agent depending on the surgeon's pref- 
erence, may be injected into the proposed incision sile. The 
Incision is made in the region of Ihe laleral canthus laterally 
for 5 lo 10 mm on the facial skin This is carried down 
through Ihc skin and subcutaneous tissues lo I he level of ihe 
musculus orbicularis oculi. 'Ihe incision is ihen carried me- 



dially be-low Ihe lashes, approximately 1 to I mm. to extend 
lo approximately 5 mm lateral to the lacrimal punclum. The 
ilk ision m. is be made through the skin and Ihe muscles wilh 
a fine scalpel blade, or a tunnel may be created laterally by 
using Ihe fine-point scissors and the blades of Ihc ^is-ors 
and Ihen creating an incision boih through Ihe skin and Ihe 
underlying muscle. 
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FIG. 3-45 
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A skin — muscle flap is developed in Ihe plane between 

the orbicularis oculi libers and the orbital septum, This dis- 

seelion is carried in ilus plane down to the infraorbital rim. If 

there is bleeding on the orbital septal side oi the dissection. 

caution must he exercised because monopolar cuulen may 
penetrate through the orbital septum and conjunctiva and cause 
corneal damage. 



Alter Ihe orbilal rim has been identified, an incision is made 

on the Facial side of the rim through Ihe periosteum and above 
the infraorbital nerve. 

Using a subperiosteal elevator ol appropriate si/e. sub- 
periosteal dissection is usetl to dissect the orbital floor. 
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FIG. 3-46 



II an approach is required to the tronio/ygomatic suture. 
the inferior orbital rim periosteal incision iiij) be extended 
laterally and superiorly along the rim to the fronto/.ygonmlic 
suture with the overlying skin retracted. A periosteal elevator 
of appropriate si/e is used to create a subperiosteal dissec- 
tion to the lateral (rontozygomalic suture. 



do 



Hie skin — muscle flap is laid back into position. A tacking 
SUtUIC is used from ihe area of the lateral canthus lo that portion 
of the skin — muscle flap directly overlying ihe canlhus. After 
this is tightened, the skin may Ihen be closed with cither adhe- 
sive strips or a suture material of the surgeon's preference. 






INFRAORBITAL RIM APPROACH 

Intro d uc t ion 

The infraorbital rim approach provides exposure lo ihe or- 
bital floor, particularly in Ihe nieilial portion ol the orbit. Il is 
indicated In patients In whom exposure is needed 10 ihe 
infraorbital rim and the Poor of Ihe orbit. Il has a relatively 

low complication rote. Ectropion, however, can occur if deep 

sutures are placed to reapproximate ihe Septum 10 Ihe 
infraorbital rim. thus evening die lower lid. The periorbital 
area is prepared with a preparation .solution of Ihe surgeon's 
choice: care is taken lo avoid introducing the preparation so- 
lution into Ihe eye. A corneal shield mas he used at Ihe dis- 
cretion of Ihe surgeon Fine facial plastic instruments are 

needed lor this approach, including a small fine-tipped scis- 
sors, skin hooks, and Ihe (1.5-mni Casirovicjo forceps. 



Technique 

If the surgeon prefers, a vasoconstricting ageni may be in- 
jected at Ihe proposed incision site. An incision is then made 
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in Ihe skin of Ihe infraorbital area in a skin crease. The inci- 
sion follows the interior lateral arc of the skin crease and 
should extend to no more Irian the lateral hmhus ol Ihe pupil. 
Extension beyond this point increases ihe risk of lymphedema 
of ihe lower lid postoperatively. 

After the incision is made through the skin and subcutane- 
ous tissues, the dissection then proceeds down 10 the orbital 

rim. bluntly 01 shaiply dissecting in ihe direction of the 
orbicularis nculi fibers, Alter ihe run is identified, Ihe perios- 
teum of the infraorbital run is incised on Ihe laeial side of the 
rim superior to the infraorbital nerve. After the periosteal in- 
cision is created, a periosteal elevator of appropriate si/e is 

used to perform a subperiosteal disseciion of the infraorbital 

rim and orbital floor. 



Clc 



The Subcutaneous muscle layers may he closed with an ab- 
sorbable suture of the surgeon's preference, Ihe skin may be 
close,! either with suture material or sterile adhesive closure. 
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FIG. 3-47 






BROW INCISION 
Introduction 

The brow incision provides adequate exposure to the 
Ironiozygomatir. suture. Ii is indicated when exposure of this 
aita ii required for fracture fixation. It has an extremely low 
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coniplic.uion rate, with the mosl common one being widen- 
ing of the scar. The periorbital area is prepared in the stan- 
dard fashion v. nh an antiseptic preparation solution; care is 
taken to avoid introducing the preparation solution into the 
eye. A fine scalpel, a line-tipped mosquito hcmostal. Senn 
redactors, and a periosteal elevator are required for the ap- 
proach. 









FIG. 3-48 
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Technique 

The operative siic may be injected with a vasoconstrictor if 
the surgeon prefers, An incision is made through the facial 

skin parallel 10 the liair shafts at the superior border of the 
lateral brow overlying the I'roimv.ygomalic suture. This aids 
in minimizing widening ol the scar and damage to underly- 
ing hair follicles. Alter the incision is completed through the 
skin and the subcutaneous tissues, ;i line-point mosquito he- 
niosui is used to dissect the muscle fiber* bluntly clown lo 
the periosteum. Sharp dissection may be used here: however, 
a small branch ol ihe facial nerve that innervates the orbicularis 
oculi medial lo the incision may be injured. After exposure 

of (he periosteum, the periosteum is incised, and a periosteal 
elevator of appropriate size is used to expose Ihe 
fronlozygomatic suture. Scnn retractors are used lo retract 
the skin and the muscle libers. 



Cle 



A subcutaneous sulure closure is performed. The skin may 
then be closed « nh either a suture closure or a sterile adhe- 
sive closure. 



UPPER III) HI.KP1IAKOHI.ASTY APPROACH 
Introduction 

The upper lid Wepharaplasty approach has gained popularity 

because of its good cosmetic result and excellent access lo 
the fronto/.ygomaiic suture. It is placed in an upper lid skin 
crease and. when H heals, it blends with the supratarsal fold. 
The complication rale is low it the correct technique is fol- 
lowed. The instruments used are tine tipped scissors. 0.5 mm. 
Castroviejo forceps, and bipolar caulery. 

Technique 

The operative site may he injected with a WttOC ousiriclor. An 
incision is made through the skin ol Ihe upper lid from mid 
pupil lo die lateral orbilal rim. Hemostasia is achieved with 
hipolai cautery Monopolar cautery should not be used ,is in 
iur> can occur to the underlying scler.i from thermal conduc- 
tion (Fig. 3-4'JA). 

The incision is continued through the orbicularis occuli so 
BS to develop a skin-mUSCle Map. and Ihe dissection is contin- 
ued superiorly and laterally toward ihe Ironlo/ygoinatic su- 
ture. Using fine retractors or skin hooks, the incision is re- 
tracted laterally over Ihe suture, the periosteum at the sulure 
is incised, and the fracture site is exposed I fig. 3-49B I 



Closure 



The periosteum is closed w nil line absorbable sulure. The 
skin incision is closed with either line sulure or sterile adhe- 
sive strips. 
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FIG. 3-49 
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CHAPTER 1 



Calvarial Bone Grafts 



COLTER TAIH.IC CALVARIAI. BONE GRAFTS 

In receni years, outer table calvarium lias become a popular 

source ol membranous bone for grafting. Although it is gen- 
erally rigid and strong, ii may he harvested as a soft pliable 
graft by using a specially designed osteotome similar to a 
gouge. As the iliin layer of outer table is harvested, 

microfractures are created that make the graft soil The grail 
may he easily contoured (luring the course ol harvesting, When 

harvested in this way, however, ihe grafl is weak, and ii will 
noi provide suppon far reconstructing bony defects in which 
strength is needed, such .is the maxillary buttresses. 

For solid hone, the outer tahle calvarium is harvested as a 
single graft with the conical layer intact. This results in a 
rigiil grail that may he used to reconstruct stress areas. He 
cause this solid hone cannot he hcnl 10 shape, the contour of 
the recipient site must he carefully determined so that the 
contour (Curvature) of the donor hone is well matched to thai 
of the recipient site. 




FIG. 4-1 



Grafts harvested in an anteroposterior direction are 
straighler and. therefore, are nest suited lor Ihe reconstruc- 
tion of Ihe medial buttresses anil nasal dorsum Crafts on 
ented in a .superoinferior direction along the lateral skull are 
more cursed and. therefore, are generally bettei suited loi 

reconstruction of the lateral buttresses and lygomas, The 

donor sile should be located on the parietal bone between the 
temporal line and a point 1 5 cm lateral lo the sagitlal suture. 
The hone below the temporal line is loo linn lo allow fol safe 
harvesting o\' the grafl. Il is crucial lo avoid Ihe midline be- 
cause the sagittal sinus is located beneath the sagitlal suture, 
and inadverlent penelration ol Ihe inner table during grafl 
harvest could result in laceration ol the sinus, which could 
result in significant bleeding and possibly air embolism and/ 

or sinus thrombosis 

Surgical Technique 

The donor sile is exposed either through a hicoronal incision, 
or if this is not necessary, through an incision placed direct!) 
over Ihe proposed donor site. If a relatively straight grafl is 
required, the graft will be harvested in an anteroposterior di- 
rection. If a curved graft is required, this will be harvested m 
a superoinferior (medial to lateral) direction. Afler the donor 
sue is exposed, the si/e of Ihe graft is outlined. 




FIG. 4-2 
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The periphery is then drilled wiih a side-cutting burr, ini- 
tial I > scoring the outer labte until the graft is circinnscribed. 
Outlining of the grafl iscondnued until bleeding is noted com- 
ing irnm iht depth of the bony cuts. This indicates penetra- 
tion into the diploic layer. The graft is typically 2- to 3 -mm 
thick at this point 

Lsing a rotating burr, the bone surrounding the graft along 
one long edge is drilled away to Ihe diploe. feathering the 
edge so thai a space of approximately I cm is created next to 
the donor bone. 




FIG. 4-3 



This will allow insertion of the right-angle blade of the 

sagittal saw 







If a graft wider than the length ol the saw Made is needed, 
then this leathering drilling can also be repealed along the 
long edge on the opposite side of the proposed graft so lhat 
the saw hlade can Ix* used Irom both sides, thus doubling the 
width ol the graft. Note, therefore, that if this saw is the only 
instrument Used to section the diploic layer, then Ihe width of 
the graft cannot exceed two times the length of Ihe saw blade 

After feathering of the edges has been completed, the right- 
angle blade M the sagittal saw is introduced into the diploic 

layer between the intended gralt and Ihe underlying inner table 
bone. The saw is used to section the diploic bone, thereby 
freeing the graft from the inner table bone of the donor bed 




FIG. 4-5A 



Care must be taken to keep Ihe hlade absolute!) parallel to 
Ihe surface ol the ouiei cortex. 




" __ 



FIG. 4-4 



FIG. 4-5B 
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otherwise, it the blade is tuned upward, die resultant graft 

will be loo thill, More commonly, if the blade is angled in- 
ward, the inner luble may be penetrated, and a dural lacera- 
tion anil cerebrospinal fluid leak may result. 

When the sectioning of the diploic layer is completed, the 

graft is grasped with a forceps and lifted from Ihe donor sile. 
taking care 10 grasp ii before il falls from the field. 

Another alternative is lo use u straight reciprocating saw 
blade to harvest the outer table graft. The use of this blade 
requires drilling out the outer cortex around the entire pro- 
posed graft. The saw blade is then bent to conform to the 
Shape ol the skull and placed in Ihe diploic layer. 




FIG. 4-6 



It is then used to section free Ihe outer table from the inner 
table. Using tins technique, larger grafts may he safe!) ob- 
tained. As in the sagittal saw technique, care imisl be used to 
keep ilit- blade parallel to the Curvature Of the skull to avoid 
thinning of the graft or penetration of the inner table. 



If a wider grail ia needed. anOlbei alternative i- louse an 
osteotome technique. As in the other techniques, the graft is 
lirsi sharply outlined, culling through the outer cones uniil 
the bleeding diploic bone is entered. A I -cm feathering drill- 
ing is then performed along one side of the graft, usually a 
-liort side The osteotome is then driven under the full length 
of Ihe donor bone, lifting the outer table graft off the inner 
table bone. 




ThU», the Size of Ihe graft is not limited by the size of a 
saw blade. 

When ihe osteotome icchnique is used, ■< ihin osteotome 
is recommended because it can he easily controlled. It is kepi 

parallel to the outer cortex and advanced slowly. Care must 
he taken lo avoid inner table fracture or splintering ol the 
outer table graft. However, graft fracture is preferable lo in- 
ner table penetration. 

Donoi sile bleeding may be controlled by using either bone 
wax or a collagen resorbable sponge. Note that, during har- 
vesting, venous lakes may be encountered m the diploic layer 
that produce significant bleeding. If Ibis occurs early during 
the harvesting of Ihe graft, then hone wax is placed nt the 
edges of ihe graft lo control the bleeding, and another donoi 
site is chosen. However, if a venous lake is encountered dur- 
ing ihe diploic sectioning portion of the procedure, then the 

saw cuts are finished as quickly as possible, the graft is re- 
moved, and immediate hemostasis is accomplished by using 

hone wax. 
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I \ \I.R TABLE CALVARIAL BONE G RAITS 

Inner bible calvarial bone grafts have ihe advantage <>i pro- 
viding a large amount of donor bone without leaving .1 cos- 
metic defect in the calvarium. Inner lable gratis are most 
commonly harvested when iiuracranial —extracranial proce- 
dures are being performed. The gratis are harvested from 
the inner table Of the craniotomy bone flap while the Hap is 
out of the patient. 

Surgical Ti-chnit|ue 

I lu- craniotomy bone Hap has been removed, and the st/e of 
graft needed lias been determined to meet the need of ihe 
recipient site defect. For harvesting the inner table graft from 
the double-layered bone llap. an oscillating, sagittal, or re- 
ciprocating saw may be used. Alter outlining the graft on the 
inner table, the diploic layer is entered, and using Ihe saw. H 
is sectioned in lis entirety, thereby freeing the inner lable hone 

from the craniotomy bone flap. 




Alternatively, an osteotome may be used in lieu of the saw 
blade. However, il must be flexible enough 10 be able to fol- 
low the contours of the inner table. Otherwise, fractures of 
the grail or penetration of ihe outer lable may occur, and ex- 
cessive thickness of the graft may result. 




FIG. 4-9A 




FIG. 4-9B 



FIG. 4-8 



Following Ihe diploic sectioning with culler ihe saw or Ihe 
osteotome, a » ide osteotome is inserted into the diploic layer 
for final removal of the graft. 



CHAPTER 2 



Rib Grafts 



Splil rib grafting has been available Icir many years. Rib hone 
is available in large quantities, and it ean be contoured pre- 
cisely to the shape of the recipient bed. Rib grafts have the 
disadvantage, however, of undergoing varying degrees ol hone 
resorption during the postoperative period. Rigid fixation m 
ni- grafts, .is with other bone grafts, will decrease the amount 
of bone resorption. 

SURGICAL TECHNIQUE 

An inframammary incision is typically used to harvest a rib 
grail because this provides adequ at e access anil cosmesis as 
well .is access to cartilage and bone. The incision is usually 
placed between the- fourth anil fifth intercostal spaces. 



(As an alternative, a lateral thoracic incision i rvet ihe eighth 
or ninth rib may be used. I 

The incision is made through the skin and subcutaneous 
tissues, and the rib to be harvested is identified. An incision 
is made through the periosteum of the rib 10 the bone, .mil it 
is then extended medially past Ihe coslochondral junction 



FIG. 4-10 





FIG 
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After the incision of the periosteum, an elevator is used lo 

elevate the periosteum ftom ihe lateral portion of the rib. This 

is performed ova liif enure length ol the grail from Ihe 
costochondral junction 10 in lateral extent. 




FIG. 4-12 



I lie periosteal elevator is then vised lo elevate llie perios- 
teum from Ihe superior and interior l\>rdcrs of the nh under 
direct vision. Particular care should he taken along the infe- 
rior horder to elevate the intercostal neurovascular bundles 
from their hed in the rib so that the integrity of ihe .iricrv and 
the vein is not violated, ("are should also he taken It) avoid 
injury lo Ihe intercostal nerve because injury can result in 
postoperative paresthesia or pain. 

I I [lowing elevation of the periosteum from the lateral. 
superior, and inferior surfaces of the rib. circumferential 
elevation is begun at the costochondral junction. 







Under direct vision, the periosteal and perichondria! junc- 
tion is elevated so that a malleable retraCtOI can he placed 
underneath Ihe rib at this junction. Then a scalpel or hen ici 
instrumeni is used to section Ihe lib just medial to ihe 
costochondral junction. The cartilage is incised through and 
through lo the malleable retractor. 




FIG. 4-14 



A bone clamp is used lo lift the sectioned rib. 




FIG. 4-15 



FIG. 4-13 
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The periosteum of Hie undersurfac e ol Ihe rih can then he 
easily dissected tree from Ihe hone. This is done for ihe en- 
tire segment Of the rib. Blind elevation ill this point may lead 
10 lean in the parietal pleura: therefore, direct visualization 

is recommended. 

\l!ii iln- portion ut Ihe nhto he harvested has been com- 
pletely stripped ol its periosteum. rib-CUttlng pliers are in- 
serted into Ihe graft bed. and the rih is sectioned, removed 
Prom the- donor site, and placed in J .saline-wrapped sponge. 




FIG. 4-16 



I he donor site is now inspected for any pleural lacera- 
tions. 11ns can be enhanced by irrigating saline solution into 
Ihe donor site and having Ihe anesthesiologist inflate the lungs 
while cheeking tor any bubbling that might occur. 




If a pleural laceration is found, it should be repaired al this 
lime. Ulcerations involving only the parietal pleura may be 
repaired while the patient is maintained on positive end- 
cxpiratory pressure. If a pleural laceration has extended to 
Ihe visceral pleura, a chest lube should be placed. liven it no 

problem has been encountered, a postoperative chesi K-nty 

study should be obtained 10 rule out the presence ol a 

pneumothorax. 

Preparation of the Split Graft. 

After Ihe rib has been harvested, decortication is then car 
tied out. This can be accomplished by using a hand puce 
and a flat or pear .shaped culling burr. The cortex is lightly 
removed so that the cancellous portion of the rib can be vi- 
sualized through a thin layer ol cortex. The cortex should 
not be totally removed because this would significantly 
weaken the graft. 




FIG. 4-18 



FIG. 4-17 
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Following decortication of Ihe medial and lateral surfaces. 
Ihe superior and inferior borders of ihe rib are completely 
decorticated to allow for the entry of the osteotome that will 
be used to split the rib. The osteotome is gently inscned into 
the midportion of the cancellous cavity between the medial 
and lateral surfaces. Il is rocked back and forth until it passes 
through and through from superior to inferior. 



A rib cutter is then used lo trim the cartilage from the re- 
maining bone grafts. 




FIG. 4-19 



Alter the bony portion of the rib has been split, the re- 
maining costochondral junction is split w ith an osteotome. 




FIG. 4-21 



A nb-bending Forceps is used to contour Ihe rib into the 
precise shape (hal is required for Ihe recipient lite. 




FIG. 4-20 



FIG. 4-22 
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In the following example, a horseshoe-shaped multilay- 
ered splii rih grafl is required for maniilbular alveolar ridge 
augmcnlalion. In this situation, llie rih was belli into the dc 
sired shape by using five layers of split ribs to achieve the 

desired thickness 




After the desired shape is achieved. Kochet clamps are 
placed on the grafl to maintain this shape. Moles arc drilled 
through the layered rib graft, and wires are passed through 
these holes. These arc tightened to muinluin the shape of the 
graft. Wires are placed between each of the clamps and also 
between the end of the graft and the first clamp. Following 
contouring and stabilization with wire fixation, the graft main 
tains its horseshoe shape. 




FIG. 4-24 



FIG. 4-23 



CHAPTER 3 



Iliac Bone Grafts 



Tin- ilium haa long provided an abundant source <>l bone grafl 
malcrial tor niaxilloraei.il reconslruclion. A large aniounl of 
bone may be obtained, and the donor grail may be eul to a 
shape thai approximates the recipient site. When used as an 
onla> material, however, in the upper craniofacial skeleton. 
it Undergoes a significant amount of resorption: therefore. 

other donor materials such as rib, split rib.orcalvarium should 

be considered. 

SURGICAL TECHNIQUE 

An incision is made interior and parallel lo the iliac crest. 




FIG. 4-25 



This is carried through the skin and subcutaneous tissue. 
Alter il is incised, traction is placed medially on the skin above 
the ilium to pull the incision directly over the iliac crest. Cau- 
tion should be taken at this point and throughout the harvest 
to avoid injury to the lateral femoral cutaneous nerve because 
melalgia paresthetica may develop following nerve injury, 
which may he a persistent problem lor the patient. The dis- 
section is then continued to the iliac crest. 



Tile grafl is outlined by making incisions in the perioi 
leant '>! the iliac crest. At least I em of intact bone should be 
maintained posterior to the mteiTKUperioi iliac spine. ITiis 
provides continued support lor the ilioinguinal ligameni. 

An incision is made through the periosteum at the anterior 

and posterior margins ol the proposed grafl. These are con- 
nected by .1 periosteal Incision along the medial aspect of the 

iliac CTBSl An osteotome is then Used to penetrate into the 
iliac crest along the anterior, posterior, and medial portions 
of the bone. The cap of iliac crest is then mobilized laterally, 
leaving il hinged on the periosteum of the lateral aspect of 
the ilium. 

Cancellous Graft 

If a particulate cancellous grail is needed, u curette is then 
used to harvest the bone from the ilium between the medial 
and lateral cortices. 







FIG. 4-26 
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Corticocancellous Graft 

If a coftlcocincellous graft is desired, on osteotome is then 

driven parallel ioand medial lolhe Inleral cones of the ilium 

ai ihe cotticoctuicetlouK junciion. 




If possible, ihe laler.il cortex of the ilium should remain 
iniaei because this decreases irauma 10 die gluteal muscles 
and reduces postoperative morbidity, However, if a lull-thick- 
ness iliac cresi graft is required, then the muscles should he 
detached from the bone prior to bone harvest. 

Aliei Ihe medial cortical cancellous portion of the ilium 
has been dissected free from the lateral cortex, osleolomics 
are made along the anterior ami posterior margins of the bone. 



FIG. 4-27 




FIG. 4-28 
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Following this, a curved osteotome is placed infcriorly 10 
complete the osteotomy ai the inferior portion of the graft. 
Care must be taken (o avoid inadvertent injury of the pcrilo 
ncum. The graft is then removed. 

Bleeding should be controlled with bone wax or collagen 
resorbable hemostatic material, depending on the surgeon's 
preference. A drain is usually placed in the operative site to 
prevent postoperative hematoma. The iliac crest is then re- 
placed back into position and secured with miniplalcs. 
microplates. or periosteal sutures. 



Larger plates should be avoided because these will be pal- 
pable to the patient, and they may produce discomfort, ne- 
cessitating their removal. Skin closure is accomplished ac- 
cording to the surgeon's preference. 




FIG. 4-29 
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i Vi;i|ncsMon Plate Willi or Wilhou! a 

Tension Band Plale 241 

Mandibular Reconstruction Plate Wilh or 

Without .i lension Band Plate 2-1.! 

Ramus: Vertical Fractures ilk-ntiilous 

or Edentulous) 245 

Miniplates 2-45 



lension Band Plale and Compression Plate 247 

Mandibular Reconstruction Plate With or 

Without a Tension Band Plate 249 

Subcondylur Fractures 2S1 

Miniplalc 25 I 

Compression Plale 252 

Oblique (Overlapping! Fractures: Overlapping 

Lag Strew 255 

Lag Screw and Plale 257 

Comminuted Fractures 258 

Small Area ol 'Comminution 25X 

Large Area of Comminution 259 



As discussed In Unit 2. the biomechanlcal forces thai work to 

distract the fractured mandible must be overcome if a de- 
pendable outcome is io be consistently achieved. Tins can be 

accomplished in many ways. Although it is impossible to 
depict ever) possible approach and technique, this section is 
designed 10 provide the maxillofacial surgeon wilh a wide 
variely of options lhat properly address the mandibular bio- 
mechanics and can therefore lie recommended as possible 

alternatives. 



Ii should he apparent that, as In the rest ol this atlas, a 

wide variety of plating systems are depicted Io avoid sug- 
gesting lhal any one system is superior to any oilier. The reader. 
however, is taulioned io use only plaits and strews that arc 
of appropriate si/.e and strength for the particular circum- 
stance, 

\<>ll In this unit, the term "ntimplaie" is useii torcfer toa 
neutral (2.0 mm) mandibular mlniplate that is I mm thick. 



CHAPTER 1 



Symphysis: Dentulous (Nonoverlapping) 



The fractured mandibular symphysis in the dentulous patient 
represents in many ways the most straightforward case for 
rigid fixation. Intermaxillary fixation (IMF) may stabilize the 

fracture, bin despite apparent excellent Stabilization, Ihc tor- 
sional forces acting on this area can lead to malnnion. The 
use of rigid fixation overcomes these forces and obviates the 
need for IMF. 

Although an external approach may be used, the intraoral 
incision provides wide access in this area, even allowing for 
the use of a reduction pliers screwed to the inferior border of 

the mandible. 

TENSION BAND ARCH BAR AND 
COMPRESSION PLATE 



Key Principles 


pp. 43. 62 


Surgical Approaches 




Intraoral 


p. 71 


Exlraoral 


p si 



The tension hand arch bar is first applied to the teeth across 
the fracture site, and proper occlusion is reestablished. To 
serve as i tension hand, the arch bar must effectively pull the 
alveolar portion of the fracture together. The fracture is ex- 
posed either intraorally orextraurally. 



(Optional I A modified towel clip may be used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the bone on each side of the fracture for purchase by the 
towel clip prongs. The towel clip is then used to precomprcss 
the fracture. 




FIG. 5-2 




FIG. 5-1 
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(Optionall A mandibular reduction plfew may be applied 

along the inferior bonier of the mandible. Using these pliers, 
the Fragments are reduced, and precompression is applied. 

i ire should he used td place the screws that hold the pliers u> 
the mandible between the anticipated plate holes so that they 
do not interfere with plate application. 



An appropriate compression plate is selected, using al least 
a four-hole plate. This is lived along the inferior third of the 
mandible. Be sure to position the plate below the tooth roots 
I he plate may be held in place with plate-holding forceps, 
alter precise bending to the mandibular contour has been suc- 
cessfully completed, usually by bending a template first and 
then bending the plate. 





FIG. 5-4 



FIG. 5-3 



mandible: trai. ma (fractures) / 147 



Plalc application is completed using iwo bicorlical com- 
pression screws ccccnlrically placed away from the fracture 



and Iwo to six bicorlical nculr.il screws (obviously depend- 
ing on die length of lite plate). 




FIG. 5-5 




FIG. 5-6 



When a mandibular reduction forceps has bed) used, the 
locking screw is released afler die Iwo compression screws 
have been placed, and Ihe pliers may be removed complelcly 
al any lime after four screws have been placed. 

Hie wound is irrigated, drained, and closed I Ml' may now 
he released. 
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TENSION BAND PLATE AND COMPRESSION- 
PLATE 



Kaj Principles 


pp. 42. 43. 61. 62 


Surgical Approaches 




Intraoral 


p. 71 


Bxtraoral 


p. 81 



(Optional) A modified towel clip may be used lo hold the 
bone fragments in redaction. A drill is used to create a lodge 
in the bone on eadi side •>) the fracture fbi purchase by ihe 

towel clip prongs. The towel clip is ihcn used lo prcconiprcss 
Ihe fracture. 



Occlusion is established, but a lension band arch bar has 
not been placed or is inadequate as a tension band. The I'ruc- 

lure is exposed either immorally or extraorally, 








FIG. 5-8 



FIG. 5-7 






mandible: trauma (i kai m hi s) / I4 1 ) 



(Optional! A mandibular reduction pliers willi side rollers 
may he fixed lo ihe inferior bordei ol Ihc mandible for reduc- 
tion and prccomprcssion. Rollers musl be used because Ihe 
tension band is inadequate; otherwise, the alveolar portion of 
the fracture will be distracted. Care should be used to place 
Ihc screws lhal hold the pliers to the mandible between the 
anticipated plate holes so lhal Ihey do not interfere with plate 
application. 



A tension band miniplate is applied along the tension line 
of Champy. using at least a four-hole plate; this is between 
the menial nerves and below the tooth roots. Monocortical or 
biCorUcal screws may be used in Ihe symphyseal region be- 
cause Ihe inferior alveolar nerves are no! .11 risk. 





FIG. 5-10 



FIG. 5-9 
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As .in alternative, a two-hole compression plate may he 
Used as a tension hand plale in the symphysenl area because 
■he inferior alveolar nerves are not at risk. This plale is care 
fully hem to the mandibular contour. Bicortical screws are 
placed eccentrically in the plale holes (away from the frac- 
ture I so thai Ihc fracture is compressed 



An appropriale compression plale is selected, using al least 
a four-hole plate. This is fixed along the inferior portio 
(lie mandible. The plate is held in position with plate-holding 
forceps, after precise bending to the mandibular contour has 
been successfully completed, usually bending a template first, 
and then bending the plate 





FIG. 5-12 



FIG. 5-11 



. 



mandible: TOAUMA (fractures) / 151 



Piute application is completed by using two bicortical 
compression screws eccentrically placed away from the 

fracture and 



Because ;i tension band plan- has been applied, the tech- 
nique for application of the inferior compression plate is the 
same whether the tension band plate is a ininiplalc or a two 
note compression plale. 




FIG. 5-13 




FIG. 5-15 



IWO to six bicortical neutral screws (obviously depending on 
the length of the plale). 




When a mandibular reduction forceps is used, Ihe locking 
screw is released after the two compression screws ha\ t been 
placed, and (he pliers may be removed completely at any lime 
a I let four screws have been placed. 

The wound is irrigated, drained, and closed. IMF may now 
be released. 



FIG. 5-14 
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MINI PI. VI K 11 NATION 



Key Principles pp.42, 61 

Surgical Approaches 
Intraoral p. 71 



Occlusion is established using loops or arch bars for IMF. 
For miniplalc fixation, an intraoral exposure is generally used. 




Iwo miniplales are necessary for stahle fixation al the sym- 
physis. The first miniplalc is placed by using monocortical 
screws (although, in this area, hicorlical screws arc sulci 
placed sequentially, one al a lime, along the tension line of 
Champy. This is below the looth roots, generally at least 1.5 
to 2 crown heights below the gingival margin. In the sym- 
physeal region. Ihe inferior alveolar nerves arc not al risk. 







FIG. 5-16 



FIG. 5-18 



(Optional I A modified towel clip ma> be used to hold the 
bone fragments in (eduction. A drill is used to create .1 ledge 
in Ihe bone on each side of Ihe fracture for purchase by the 
towel clip prongs. Hie towel clip is then used to prccomprcss 

iiu- fracture. 




Ihc second mimplaic is applied by using 11un10coM1c.il 
screws (although interiorly, hicorlical screws may be used 
safely) along the inferior ideal osteosynthesis line. This is 
above the inferior border. In the symphyscal region, two 
miniplales are necessary to overcome the torsional lorccs 
acting on this area. 




FIG. 5-19 

The towel clip is removed, and Ihe wound is irrigated, 
drained, and closed. IMF may now be released. 



FIG. 5-17 
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THULK-Dl.MFNSIONAL PLATE FIXATION 



Key Principles 
Surgical Approaches 

Intraoral 



PP. 42,61 

p. 71 



NOTE: U is imperative, when using the three-dimensional 
plate I'm mandible fracture repair thai plates <>\ the proper 
thickness "n.i tiu be use, I The \J3-mm thick plate is used 
n iih 2 it mm screws A three-dimensional >hi< rupture \lwulil 
tint be used for mandihuiai repab 

Occlusion is established using loops or arch bars lor IMF. 
For three-dimensional plate fixation, an intraoral exposure is 
generally used. 




A 2 x 2 (square four-hole I three-dimensional plate is po- 
sitioned so that the horizontal crossbars are perpendicular to 
the fracture and the vertical crossbars arc parallel Hi Ihe Ir.ic 
lute. Monocortical screws are placed in the two superior holes. 
making certain that the most superior screw is at least 5 mm 
below the tooth roots, generally at least 1 .5 to 1 crown heights 
below the gingival margin 

The two inferior screws arc now placed These may be 
either monoconic.il or bicortical because Ihe inferior alveo- 
lar nerves arc not at risk in the symphyseal region. 




FIG. 5-20 



FIG. 5-22 



The towel clip is removed, and the wound is irrigated, 
drained, and closed. IMF may now be released. 



(Optional) A modified towel clip may be used to hold the 
hone fragments in reduction. A drill is used to create a ledge 
in the bone on each side of the fracture lor purchase by Ihe 
towel clip prongs. The towel clip is Ihen lived to precotnpress 
the fracture, 




FIG. 5-21 
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IXCKNTRIC DYNAMIC C( )MI'KISSI( )\ I'l.ATK 

(KDCP) 



Key Principles 


pp. 44. 66 


Surgical Approaches 




Intraoral 


p. 71 


l:\lrannil 


p XI 



NOTE: This is not the preferred or recommended technique 

by the authors fur this .situation. The authors believe that, 
when it is possible, a tension Ixintl technique is preferred ij a 

i ompression plate is to be used 

Occlusion is established, bul a tension hand arch har has not 
been placed or is inadequate. The fracture is generally ex- 
posed cxtraorally, 




FIG. 5-23 



When using an KDCP. the alveolar border (traction side) 
of die mandible inusi be piccomprcsscd. A modified lowel 
clip may be used, although the- mandibular reduction pliers 
with side rollers lor superior preconipression is recommended. 
This is fixed lo (he inferior border of die mandible. Horizon- 
tal preconipression is first applied, followed by vertical 
precompression with the tollers. ( 'are should W used to place 
die screws that hold the pliers 10 the mandible between the 
anticipated plate hole*, so that they do mil interfere with plate 
application. 










FIG. 5-24 



MAMMBI K: rRAUMA (FRACTURES) / 155 



An appropriate EDCP is selected. Because Ihe EDCP has 
a tup and a bottom, care must he used to make certain thai 
this plate is not applied upside down. The diagonal holes 
should point superiorly toward the fracture line! A tem- 
plate is usually bent to shape first, and the plale is carcfull) 
bent to match Ihe template and then, ultimately. Ihe bone. 
Alter precise bending to match ihe mandibular contour has 
been completed, the plate is positioned and held in place w uh 

a plate-holding forceps. 




FIG. 5-25 



First, two horizontal compression screws are placed 
hicorlically. positioning iliem eccentrically away from the 
fracture to produce horizontal compression. The locking screw 
on lite reduction pliers is released. 




gESLaill 




FIG. 5-26 

The two superiorly directed compression screws are then 
placed bicortically, Inn only after the horizontal comp ress ion 
screws have been fully tightened. These are positioned inte- 
riorly so that compression is directed toward ihe alveolar 
border of the fracture. The reduction pliers are then retool ed. 




FIG. 5-27 



Additional screws (when more than a four-hole plate has 
Ikiii used) are placed neutrally. 




FIG. 5-28 



The wound is irrigated, drained, and closed. IMF may now 
be released. 
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MANDIBULAR RECONSTRUCTION PLATE 



Key Principles 




pp. 46, 68 (61 


62) 


Surgical Approaches 








Immoral 




1' 


7 l 




Exlraoral 




1' 


SI 





(Opiional) A modified lowel clip may be used lo hold the 

hone fragments In reduction. A drill is used to create a ledge 

hi the Iwne on each side of the fracture lor purchase by Ihe 
towel clip prongs. The lowel clip is ihen used to precompress 
the fraclure. 



SOTE: Although the mandibular reconstruction plaie pro- 
vldet adequate stability /» Ihe absent i «i a tension band, a 
tension bond is still helpful in making certain that the *< dm 
lion ft properly maintained during repair The authors there- 
fore recommend that a tension band arch bur he placed when 

possible When this Is not possible, or h Inadequate, a ten- 
sion hand mmiplute may be applied il desired. 

Occlusion la first established by using a tension band arch 
bar or loops. The fracture is exposed either immorally or 
cxtraorally. 





FIG. 5-30 



FIG. 5-29 



MANDIBLE: TKAL.MA (FRACTURES) / 157 



(Optional) A mandibular reduction pliers may be applied 
along the inferior border of die mandible. No rollers are nec- 
essary, if a tension band arch bar has been applied. 




II no tension band has been applied, then superior com- 
pression using the side rollers is mandatory if the compres- 
sion pliers are used. Otherwise, compression of the inferior 
border will result in separation at the alveolar border I King 
these reduction pliers, horizontal precompression can be ap- 
plied. Tightening the rollers provides superiorly directed 
[bices 10 compress the alveolar border when no tension band 
is present. Care should be used to place Die screws that hold 
the pliers to the mandible between the anticipated plate holes 
so that they do not interfere with plate application. 



FIG. 5-31 




FIG. 5-32 
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(Optional I II no BTCh bar has been applied, a four-hole 
miniplale or a two-hole compression plate may be applied as 
a tension band. (If a mmiplatc is applied as a tension band. 
this is applied along the tension line of Champ) by using al 
least .1 four-hole plate: this is between (he mental nerves and 
below the tooth roots. Monocorfical or bicorlieal screws ina\ 
be useil in the symphyscal region bctause the interior alveo- 
lar nerves are not at risk. 




FIG. 5-33 



If a two-hole compression plate is used as a tension band 
I this can he done in the symphyscal area because the inferior 
alveolar nerves are not al risk), then this plate is carefully 
hem to the mandibular contour and applied by using hicortical 
screws TlKSe are placed eccentrically ill the plate holes (away 
from the fracture I so that the fracture is compressed. 




FIG. 5-34 



MANDIBLE: TRALMA (FRACTURES) / 159 



A mandibular reconslruciion pl.ite wiih at least six holes 
is selected. A template is bent lo match the mandibular con- 
tour, and the plate is carefully benl lo match the lemplale and 
ultimately the mandihular contour of the inferior mandibular 
border. 

Bicorlical screws are used. If a lension band has been 
placed, the first two screws can be placed eccentrically away 
from the site of the fracture lo produce compression. The re- 
maining screws are Ihen placed neutrally. 



When there is no tension band present, all screws are placed 
neutrally, placing at least three screws on each side of the 
fracture, although four or five on each side provide greater 

stability. 





FIG. 5-35 



FIG. 5-37 



The wound is irrigated, drained, and closed. IMF may now 
be released. 








FIG. 5-36 



160 / UNITV 

LAG SCRKW FIXATION 



Key Principle-. pp. 47. 50 

Surgical Approaches 

Intraoral p. 71 



A small notch is drilled on either side of the fracture so 
lhal the prongs of a modified towel clip can grasp the hone. 
The tOWel Clip is applied across the fracture for reduction and 
preo impression. 



NOTE: H hen using this technique, long screws (38-44 mm) 

must /it' ttvailtihlt' 

I kiliiMini is first established hy using arch bars or loops. A 

tension hand arch bar is preferred. The fracture is exposed 

inlraorally. 








FIG. 5-39 



FIG. 5-38 



Using a drill guide, a gliding hole (generally. 2.7 mm) 
is drilled from lateral lo medial through one fragment, near 
the midportion. 




FIG. 5-40 



\l wnttil l Ik \li\1 \'il: M'li Kl s) / [61 



A drill guide can now ho placed into Ihe gliding hole, and 
the second fragment is drilled (generally. 2.0 mm). A COIHI- 
(ersink is used in enlarge die first hole for proper sealing of 
Ihe screw head. 




FIG. 5-41 



The hole is measured with a depth gauge, taking care 10 
catch ihe full depth through Ihe second fragment. iWhen us- 
ing a non sell tapping system, the dislal hole is lapped.) 

An appropriate length screw is placed and lightened. 




FIG. 5-42 




A second lag screw may be placed infcriorly hy repealing 
Ihe same process. 




FIG. 5-44 



The towel clip is removed, and the wound is irrigated. 
drained, and closed. IMF may now he released 



FIG. S-43 



CHAPTER 2 



Symphysis: Edentulous 
(Nonoverlapping) 



The absence of teeih does nol negate the importance of es- 
tablishing Ilk- proper relationship of the mandible ami max- 
illa for Function. If die patient has dentures, il is preferable to 
nso these as ihc best guide lo die patient's functional occlu- 
sion anil, therefore, die proper position ol the Nine fragments. 
These can he modified to include arch liars lo allow for the 
easy creation of die proper occlusal relationship. II the pa- 
tient does not have dentures, it is recommended that the 
occlusal relationship be established with splints. 

If the bone is very atrophic, we recommend the use of a 
mandibular reconstruction plate or a bone grafting techniq ue 
to increase the likelihood of achieving stability and. there- 
fore, bony union. 

COMPRESSION PLATE WITH OR WITHOUT 
A TENSION BAND (MINIPLATE OR 
COMPRESSION PLATE) 



Key Principles 


pp. 42. 43. 61. 62 


Surgical Approaches 




Intraoral 


p. 71 


1 «.II.UT.ll 


p. 81 



(Optional) A modified towel clip may be used lo hold the 
Nine fragments in reduction. A drill is used lo create a ledge 
in the Nine on each side of Ihe fracture for the purchase by 
Ihe iowel clip prongs. The towel clip is then used to 
prccomprcs Ihe fracture. 




FIG. 5-46 



The occlusal relationship is first established using den- 
lures or splints. The fracture is exposed either inlraorally 
or extraorally. 




FIG. 5-45 
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mandible: trauma (fractures) / 163 



(Opiionul) A mundihiilar reduction pliers with .side rollers 
for superior compression may he applied along the interior 
bottler. This is fixed to the interior nuuulihle with screws, 
using care to place these screws between the anticipated plate 
holes so lhal they do not interfere with plate application. 
Horizontal precompiessmn is Ural applied, and then the lock 
screw is lightened. The rollers are then used to compress the 
superior borders of the fragments together. 



The first two screws arc placed eccentrically away from the 
fracture for compression, making sure to use biconical screws. 




FIG. 5-47 



In the absence of teeth, a compression plate may be placed 
in a central biomechanically stable position because the nerve 
is not present anteriorly. In this situation, a tension band plate 
is not applied. A minimum of six holes is recommended. 

The plate is bent and applied. A template is usually shaped 
10 the bony contour first, and the plate is then carefully bent 
to match the template and then, ultimately, the bone. After 
precise bending to match the mandibular contour has been 
completed, the plate is positioned and held in place with a 
plate-holding forceps. 




fCS^r^8Sv > 




FIG. 5-48 



Hie remaining screws are positioned neutrally in the plate 
holes. TTiese are also placed bicorlically. 




FIG. 5-49 



If a reduclion forceps has been used, the lock screw is 
released after the compression screws are placed, and Ihe pli- 
ers are removed once four screws have been placed. 

(Optional) Instead of placing ihe compression plate cen- 
trally on the bone, a tension band plate may be placed superi- 
orly, followed by a compression plate interiorly. This adds to 
the stability of the repair and adds 10 the resistance 10 tor- 
sional movements. 
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(I Ipiiun I > A two-hull* compression plate may be used as 
a tension hand. This is bent to the shape of a template and 
then the hone on the upper hall of the mandible. Two bicurtieal 
St rew I Bit placed eccentrically away from the fracture SO thai 
compression is produced. A compression plate is then bent 
and fined to the lower mandible, using at least a tour-hole 
plate. Two bicurtieal screws are placed eccentrical!) lot hori- 
zontal compression, and the remaining screws (also hicomcal i 
are placed neutrally 




FIG. 5-50 



(Option 2) A mimplate may be used as a tension band, 
using at least a four-hole plate. This is applied along the up- 
per hall of the mandible across the fracture. It is c.irelully 
bent to shape and applied by using either monocotlical or 
bicorlical screws because there are no teeth and the interior 
alveolar nerves are not at risk. A compression plate is then 
bent and fixed In the lower mandible, using at least a four- 
hole plate. I 'wo bicorlical screws are placed eccentrically for 

horizontal compression, and ihe remaining screws (also 

bicotlicall are placed neutrally. 




FIG. 5-51 



I he mandibiilai fixation device (towel clip or reduction 
pliers) is removed, and the wound is irrigated, drained, and 
closed IMF may now be removed. 
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MINI IM.ATK FIXATION 



Key Principles pp.42. 61 

Surgical Approaches 

Intraoral p. 71 



Occlusion is established using dentures or splints. (Some ex 

pcncnccd surgeons perform miniplatc fixation in this situ- 

Uion without using splints; however, establishing the occlusal 

relationship provides a more dependable outcome, particu- 
larly when the patient has more than one fracture site.) For 

miniplatc fixation, an intraoral exposure is general!) used. 




FIG. 5-52 



(Optional) A modified towel clip may Ik- used 10 hold the 
bone fragments in reduction. A drill is used to create a ledge 
ID the bone on each side of the fracture for purchase by the 
towel clip prongs. The towel clip is then used to precompress 

die fracture. 




Two miniplates are necessary for stable fixation in this 

area. ( If there is nol enough mandibular height to accommo- 
date two miniplates. then n mandibular reconstruction plate 
or hone grafting technique is recommended.) The first 
miniplatc- is placed, using at least a four-hole plate. This is 
applied along the upper half of the mandible across the frac- 
ture. It is carefully bent to shape and applied by using either 
monOCOTtical or bicortical screws because there are no teeth 
and the inferior alveolar nerves are not at risk in the symphy- 
ses! area. 




FIG. 5-54 



The second miniplatc is applied along the inferior ideal 
osteosynthesis line of Champy. which is above the interior 
border, by using at least a four-hole plate. MonOCOTtical or 
biconical screws may be used. In the syinphyseal region, two 

miniplates arc necessary to Overcome the torsional forces 
acting on this area. 




FIG. 5-53 



FIG. S-55 



The towel clip is removed, and the wound is irrigated, 
drained, and closed. IMF may now be removed. 
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THREE-DIMENSIONAL PLATE FIXATION 



Key Principles pp. 42, 61 

Surgical Approaches 

Intraoral p. 71 



(Optional I A modified towel clip ma> he used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the bone on each side of the fracture for purchase by the 
towel clip prongs. The towel clip is then used to prccomprcss 

die fracture. 






NOTE: It is imperative when using the three-dimensional 
plate /in mandibular frat tun repair that plates oj the proper 
thickness ■'«■' slse be used. The l.o-nim thick plate i« used 
with -)i-mm screws. A three-dimensional microplate should 
not he used for mandibular repair. 

Occlusion is established using dentures or splints. (Some 
experienced surgeons perform miniplale fixation in this situ- 
ation without using splints; however, establishing the occlusal 
relationship provides a more dependable outcome, particu- 
larly when (he patient has more than one fracture site.) I or 
three-dimensional plate fixation, an intraoral exposure is gen- 
erally used. 




FIG. 5-56 




FIG. 5-57 



A 2x2 (square four-hole) three-dimensional plate is posi- 
tioned so that the horizontal crossbars are perpendicular to 
the fracture and the vertical crossbars arc parallel to the frac- 
ture. Monocortical screws are placed in (he two superior holes, 
although bicortical screws are sale in the edentulous sym- 
physis. The two inferior screw s are now placed I'hese siini 
larly may be either monocortical or bicortical. 







FIG. 5-58 



The towel clip is removed, and the wound is irrigated, 
drained, and closed. I M I- mav now be removed. 
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EDCP 



Key Principles 


pp. 44. 66 


Surgical Approaches 




Intraoral 


p. 71 


Exlraoral 


p. 81 



The occlusal relationship is first established using dentures 
or splints. The fracture is generally exposed exiraorally. 



When using an EDCP. the mandibular reduction pliers 
with side rollers for superior precompression is recom- 
mended. This is fixed to Ihe inferior border of Ihe man- 
dible. Horizontal precompression is first applied, followed 

In vertical precompression wilh the rollers. Care should 
be used to place llic screws lhal hold the pliers to the man- 
dible helween the anticipated plate holes so that they do 
not interfere with plate application. 




FIG. 5-59 




FIG. 5-60 
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An appropriate I [XT' is selected. Because llie l-DCP lias 
a lop and a booom, can: musl Ik- used (<> make certain Ihal 
(his plale is not applied upside down. The diagonal holes 
should point superiorly toward the fracture line! A tem- 
plate is usually hem to shape first, and the plale is carefully 
henl 10 match the template and then, ultimately, the bone. 
Alter precise bending to match the mandibular contour has 
been completed, the plale is positioned and held in place with 
a plate-holding forceps. First, two horizontal compression 
screvs s are placed bicortically. positioning them eccentrically 
away from the Iraclure to produce horizontal com p re ss ion, 
The locking screw on the reduction pliers is released. 



Additional screws (when more than a four-hole plate has 
been used I are placed neutrally. 





FIG. 5-63 



The wound is irrigated, drained, and closed. 1Mb may now 
be removed. 



FIG. 5-61 



The two superiorly directed compression screws arc then 
placed bicortically. hut only alter the horizontal compression 
screws have been fully tightened. These are positioned inte- 
riorly so lhal compression is directed toward the alveolar 
border ol the fracture. The reduction pliers arc then removed. 




FIG. 5-62 
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MANDIBULAR RF.CONSTRUCTION PLATE 



Kev Principles 




pp. 46. 68 (61 


62) 


Surgical Approaches 






Intraoral 




p. 71 




Bxiraoral 




p. XI 





NOTE: The mandibular reconstruction />/i/'<- provides excel- 
lent stability. so much so that it can replace defective areas, 
I: is thus in ellemfor adding stability when the underlying 
frai wed bone is atrophic and weak A long plate with nu- 
merous i'i xation points puts the weak area to rest, and u adds 
U the stability of the repair and, therefore, Increases the like- 
lihood of healing, 

Occlusion is first established with dentures or splints when 
possible. An intraoral or un extraoral approach may be 
used. In the pencil-thin mandible. Ihe periosteum is left 
intact lo whatevei degree is possible io minimize devas- 

culari/.alion of bone. 




(Optional) A mandibular reduction pliers with side rollers 
for superior compression may be applied along the inferior 

border. However, this may not be desirable in the thin atro- 
phic mandible. If they are used, horizontal precompression is 
applied, the lock screw is lightened, and Ihe rollers are used 
lo compress the superior borders ol the fragments. Care should 
be used lo place the screws thai hold Ihe pliers lo Ihe man- 
dible between Ihe anticipated plale holes so thai Ihey do not 
interfere with plale application. 

A reconstruction plate is selected and applied, taking 
tare lo bend il as precisely ;is possible to Ihe template and 
to the bone A plate holding forceps helps to hold Ihe plate 
in position for screw placement. At least four or live 
bicorticaj screws on each side of the fracture provide ex- 
cellent sirucliir.il support for Ihe weak atrophic bone The 
central screws may be placed eccentrically away from the 
fracture for compression il desired, but only if Ihe man- 
dibular height is only slightly higher lhan Ihe plate: Ihe 
remaining screws are placed neutrally. 




FIG. 5-66 



Otherwise, all screws are positioned neutrally. 



FIG. 5-64 



(Optional) A modified towel clip ninv be used to hold Ihe 
bone fragments in reduction. A drill is used 10 create a ledge 
in Ihe hone on each side of Ihe fracture for purchase by the 
lowel clip prongs. The towel clip is then used lo prceompress 
the fracture. 





FIG. 5-67 



The wound is irrigated, drained, and closed I MP may now 
he removed. 



FIG. 5-65 
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LAG SCRRW FIXATION 



Key Principles pp. -17. 50 

Surgical Approaches 

Intraoral p. 7 1 



A small notch is drilled (in eiihcr side of ihe fraelurc so 
thai Ihe prongs of a modified towel clip can grasp the hone. 
The lowel clip is applied across the fracturc for prereduction 
and precompression. 



NOTE: 11 hen ii.une this la hnique, long screws (38 44 mm I 
must be available 

Occlusion is firsl established With dentures or splints. The 
fracture is exposed inlraorally. 





FIG. 5-69 



FIG. 5-68 






Using a drill guide, a gliding hole (generally, 2.7 mm) is 
drilled from lateral 10 medial through one fragment, near Ihe 
nridportion. 



FIG. 5-70 




A drill guide can now he placed into ihc gliding hole, and 
Ihc second fragment is drilled (generally. 2.0 mm I. A coun- 
tersink is used to enlarge the first hole lor proper sealing of 
tin- S«e« head. 
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FIG. 5-71 




The hole is measured with a depth gage. When using a 
nonsell -tapping system, the distal hole is lapped. 

An appropriate length screw is placed and tightened. 





FIG. 5-72 



FIG. 5-73 



A second lag screw is placed helow the hrst hy repeating 

the same process, ill there is noi enough mandibular height 

10 accommodate two lag screws, then a mandibular recon- 
struction plate (oi bone grafting technique) is recommended.) 



FIG. 5-74 




The wound is irrigated, drained, and closed. IMF may now 
he removed 



CHAPTER 3 



Parasymphysis: Dentulous 
(Nonoverlapping) 



In ihe parasymphyseal jic.i. compared wilh ilic symphysis. 

iht' presence off the Inferior alveolar nerve adds 10 the techni- 

cal difficult) of plale application. Although the fracture tan 
he easily exposed through an intraoral approach, plate appli- 
cation (particularly compression plate application) may lead 

to stretching ol the menial nerve as it leaves the mandible. Of 

course, care musi ho taken not to tear or transscci tins nerve. 
When an intraoral exposure is used, n is sometimes possible 
to place all screws through Ihe incision. However. Iranshuccal 

placemen! of some posterior screws may be necessary. 

TI'VSK )N HANI) ARCH BAR AND 
COMPRESSION PLATE 



Key Principles 


pp. 43. f>2 


Surgical Approaches 




Intraoral 


p. 71 


Intraoral 


p. 81 



The tension hand arch bar is first applied to the teeth across 
the fracture site, and proper occluaion is reestablished To 
sen e as a tension band. Ihe arch bar must effectively pull the 
alveolar portion of the fracture together. The liacture is ex- 
posed either immorally or extraorally. 



(Optional) A modified lowel clip may be used to hold ihe 
bone fragments in reduction. A drill is used to create a ledge 
m the hone on each side of the fracture for purchase B) the 
lowel clip prongs. The lowel clip is then used to precompress 
the fracture. 




FIG. 5-76 




FIG. 5-75 
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(Optional) A mandibular reduction pliers may be applied 
along the inferior border of the mandible. Using these pliers, 
the fragments are reduced, and precompression is applied. 
Cure should be used to place the sirens that hold the pliers to 
the mandible between the anticipated plate holes so that they 
do not interfere with plate application. 




FIG. 5-77 

An appropriate compression plate is selected, using at least 
a four-hole plate. This is fixed along the inferior third of the 
mandible. Be sure 10 position the plate below the lOOth roots 
and the inferior alveolar nerve. The plale may be held in place 
with plate-holding forceps after precise bending to the man 
ilibular contour has been successfully completed, usually 
bending a template first, and then bending the plate, 
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Plale application is completed by using two bicortical com- 
pression screws eccentrically placed away from the fracture 




FIG. 5-78 



and [wo to six bicortical neutral screws (obviously depend- 
ing on the length of the plate I. When a mandibular reduction 
forceps has been used, the locking screw is released after the 
two compression screws have been placed, and the pliers may 

be removed completely al any lime after lour screws have 

been placed. 




FIG. 5-79 



The wound is irrigated, drained, and closed. IMF may now 
be released. 
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TENSION BAND MINIPLATK AND COMPRES- 
SION PLATE 



Key Principles 


pp. 42. 43. 61. 62 


Surgical Approaches 




Intraoral 


p.7l 


Exlraoral 


p. 81 



Occlusion is established, bill a tension band arch bar has mil 

been placed or is Inadequate as a tension band. The frai lure 

is exposed either intraorally orextraorallv 




FIG. 5-80 



(Optional) A modified towel clip may be used to hold the 
bone fragments in reduction. A drill is used to create u ledge 
in the bone Of] each side of (he fracture for pun base by die 
lowel clip prongs. The towel clip is Ihen used to preeomprcss 

die fracture. 



(Optional) A mandibular reduction pliers with side rollers 
may be fixed to the inferior bolder of the mandible for reduc- 
tion and precomprcssion. This generally requires an extmoral 
approach. Rollers must be used because ihe tension band is 
inadequate; otherwise, the alveolar portion of the fracture will 
be distracted. Care should he used to place the screws that 
hold Ihe pliers to the mandible between the anticipated plate 
holes so lhal they do not interfere with plate application. 





FIG. 5-82 



FIG. 5-81 



A tension band mimplaic is applied by using monntortical 
screws along the tension line ofChampy, using al least a four- 
hole plale. The miniplaie must be plated 1 .5 to 2 crown heights 
below the gingival margin to avoid the tooth roots. If the plate 
can be placed in its entirely anterior to ihe mental foreman, 
then the nerve is not at risk. However, the canine root lip 
emends further interiorly lhan the other roots, and cats must 
be used 10 avoid placement of screws into it. A longer plale 
may be used so that no screw is necessary over the canine 
root, or ihe plale may be positioned slightly more interiorly. 
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Plale application is completed by using two bicortical com 
pression screws eccentrically placed away from the fracture 



FIG. 5-83 




FIG. 5-84 



An appropriate compression plale is selected, using at least 
a four-hole plale. This is fixed along the inferior third of the 
mandible, Be sure to position the plale well below Ihe tooth 

mills and ihe inferior alveolar nerve. The plale is held in po 

sition with plate-holding forceps after precise bending to the 
mandibular contour has been successfully completed, usu- 
ally bending a template first and then bending Ihe plute. 



and two to six bicortical neulral screws (obviously de- 
pending on the length of Ihe plale I When a mandibular 

reduelion forceps has been used, ihe locking screw is re- 
leased after the two compression screws have been placed, 
and Ihe pliers may be removed completely any time after 
four screws have been placed. 




FIG. 5-85 



The wound is irrigated, drained, and closed. I Ml- may now 
be released. 



1 76 / UNIT V 
MINIPLATE FIXATION 



Key Principles pp. 42. hi 

Surgical Approaches 
Intraoral p, 71 



Occlusion is established using loops or arch bars for IMI-. 
For miniplaic fixation, an inir.ioi.il exposure is generally used. 




FIG. 5-86 



(Optional) A modified towel clip may be used lo hold the 
bone fragments in reduction. A drill is used lo create a ledge 
in the bone on each side of the fracture for purchase hy the 
towel clip prongs. T he towel clip is then used 10 precomprcss 
the fracture. 




FIG. 5-87 



Two miniplates ire necessary for stable fixation in the 
parasymphyseal region. The first miniplate is placed by us- 
ing monoconical strews along the lensioti line of Champy. 



using at least a four-hole plate. The miniplate must be placed 
1.5 to 2 crown heights below the gingival margin to avoid the 
tooth roots. If the plate can be placed in its entirety anterior to 
the mental foramen, then the nerve is not at risk. However, 
the canine root lip extends further interiorly than the other 
roots, and care must be used to avoid placement of screws 
into it. A longer plate may he used so that no screw is neces- 
sary over the canine root, or the plate may be positioned 
slightly more inferiorly, 




FIG. 5-88 



The second miniplate is applied by using ntoiiocortical 
screws (although inferiorly. hicorlical screws may be used 
safely) along the inferior ideal osteosynthesis line. This is 
above the inferior border of the mandible. In the 
parasymphyseal region, two miniplates are necessary lo over- 
come the torsional forces acting on this area. 




FIG. 5-89 



The towel clip is removed, and the wound is irrigated, 
drained, and closed. IMF mas now be released. 
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THKEB-DIAHCNSIONAI. I'l.ATK FIXATION 



Key Principles pp. 42. 6 1 

Sue ui. .il \ppriui lie*. 

Intraoral p. 7 1 



NOTE: It is imperative when uxinv the three-dimensional 
plate fin mandible fracture repair that plates of the proper 
thickness and tlie be used. The i.ti-mm thick plate is used 
with 2 0-mm n ><» i, \ three-dimensional microplate ihould 

not he used fur mamithiilar repair. 

Occlusion is established using loops or arch bars for IMI-. 
Tor three-dimensional plate fixation, an intraoral exposure is 
generally used 




FIG. 5-90 

(Optional) A modified towel clip may he used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
ill the bone on each side of the fracture for purchase by the 
lowel clip prongs. The towel clip is then used to prceompress 

the fracture. 



A 2 x 2 (square four-hole) three-dimensional plate is 

positioned so thai the horizontal crossbars are perpendicu- 
lar lo Ihe fracture and the vertical crossbars are parallel to 
the fracture. Monocortical screws are placed in the iwo 
superior holes, making certain thul the superior screws 
are at leasl 3 mm bclou the tooth roots. This should be 
between the tooth rools and the level of the inferior al- 
veolar nerve. 1.5 to 2 crown heights below the gingival 
margin, although in Ihe parasymphyseal region il is actu- 
ally anterior to Ihe menial foramen, below the canine root 
lip. The Iwo inferior screws are now placed. These are 
positioned below the level of Ihe inferior alveolar nerve 
and. therefore, nuiv be either monocortical or bicorlical. 




FIG. 5-92 



The lowel clip is removed, and the wound is irrigated, 
drained, and closed. IMF may now be released. 




FIG. 5-91 
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Key Principles 




pp. 44 


i,<. 


Surgical Approaches 






Intraoral 




p. 71 




Intraoral 




p. SI 





XOTE: This is not the preferred or recommended technique 
h\ the authors for i/iis situation the authors believe that, 
when it is possible, a tension band tet hnujue is preferred u a 
i ompression plate is to be used. 

Occlusion is established, hul a tension band arch bar has 
no! been placed or is inadequate. The fracture is generally 
exposed extraorally. 



When using an EDCP. the alveolar border (traction sidel 
of the mandible musi be precompresscd. A modified towel 
clip may be used, although the mandibular reduction pliers 
with side rollers lor superior precompression is recommended. 
This is fixed to the inferior border of the mandible. Horizon- 
tal precompression is first applied, followed by vertical 
precompression with the rollers. Care should be used to place 
the screws that hold the the pliers lo the mandible between 
the anticipated plate holes so that they do not interfere with 
plate application. 




FIG. 5-93 







FIG. 5-94 
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An appropriate EDCP is selected. Because the EIX'P 

has .1 inp and a bottom, earc must be used to make i ei 
i.iin thai iins plate is not applied upside down. The di- 
agonal holes should point superiorly toward the frac- 
ture line! A template is usually hem to shape first, and 

the plate is carefully hem lo match the template and men. 
ultimately, the hone. After precise bending to match the 



mandibular contour lias been completed, the plate is posi- 
tioned and held in place with a plate-holding Forceps. First, 
two horizontal compression screws are placed bicortically, 

positioning them eccentrically away From the fracture 10 
produce horizontal compression. The locking screw on the 
reduction pliers is released. 



FIG. 5-95 




1 1 ii- two superiorly directed compression screws are then 
placed bicortically, bul only after the horizontal compression 
screws have been fully tightened These are positioned inte- 
riorly s.i that compression is directed toward the alveolar 

border Of Ihe I racUire. The reduction pliers are then removed. 



Additional screws (when more than a tour-hole plate has 
been Used) are placed neutrally. 





FIG. 5-96 



FIG. 5-97 



The wound is irrigated, drained, and closed IMP' may now 

be released. 
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MANDIBULAR RKCONSTRUCTION PI.ATI-. 



Key Principles 




pp. 46, 68 (6) 


62) 


Surgical Approai 


he* 






Intraoral 




p. 71 




Extraoral 




p. S! 





(Optional) A mandibular reduction pliers may be applied 

along the Inferior border of Ihe mandible No rollers are nec- 
essary if a tension band arch bar has been applied. 



Occlusion is firsl established by using a tension band arch bai 
or loops. The Fracture is exposed either Immorally orextcaomlly, 




FIG. 5-98 



(Optional) A modified towel clip may be used (o hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the bone on each side of Ihe fracture. The towel clip is Ihen 
used to precompress the fracture. 





FIG 5-100 



FIG. S-99 
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If no tension bund has been applied, then superior com- 
pression using Ihe side rollers is mandatory if ihe compres- 
sion pliers are used. Otherwise, compression of ihe inferior 
border will result in separation of ihe alveolar border. Using 
ihe reduction pliers, horizontal precompression can be ap- 
plied. Tightening ihe rollers provides superiorly dirccled 
forces to compress Ihe alveolar border when no tension band 
is present. Care should be used lo place Ihe screws thai hold 
the pliers between Ihe anticipated plate holes SO that they do 
not interfere with plate application. 




(Optional) If no arch bar has been applied, a tension band 
niimplate may be applied by using uinrnvortical screws along 
ihe tension line of Champy, using al least a four-hole plate. 
The niiniplale musl be placed 15 lo 2 crown heights below 
Ihe gingival margin to avoid Ihe looth roots. If the plate can 
be placed in its entirely anterior lo the menial foramen. Ihen 
the nerve is not at risk. However, the canine niot tip extends 
further interiorly than the other roots, and care must be used 
to avoid placement of a screw inlo il. A longer plate may be 
used so lhal no screw is necessary over ihe canine root, or the 
plale may he positioned slightly more inferiorly. 




FIG. 5-102 



A mandibular reconstruction plale with at leasl six holes 
is selected. A template is benl lo match Ihe mandibular con- 
lour, and Ihe plale is carefully bent to match the template 
and, ultimately, Ihe mandibular contour of the inferior man- 
dibular border. 



FIG. 5-101 
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Bicortical screws are used. IT a lension band has been 
placed, the first two screws can be placed eccentrically away 
from either side of the fracture to produce compression. The 
remaining screws are then placed neutrally. 



I \(, NCKI.U I' 1 XVI H >\ 




Key Principles pp. 47, Ml 

Surgical Approaches 

Intraoral p. 7 1 



FIG. 5-103 



NOTE: When using Ms technique, long » rtws (3&-44 mm) 
mini be available. 

Although lag screws can be used in lis p.irasymphyseal liae 
lures. Iliis technique is more difficult here compared with the 
symphysis because there is less cortex to catch with the lag 
screw, flic presence of the inferior alveolar nerve also adds 
to the technical difficulty, 

The technique is the same .is thai lor the symphysis, and 
the reader is referred to pages 160-161. An example "I the 
final outcome is depicted here. 



When there is no lension band present, all screws are 
placed neutrally, placing at leasi three screws on each side 
of the fracture, although four or live on each side provide 

greater stability. 





FIG. 5-105 



FIG. 5-104 



The wound is irrigated, drained, and closed. IMF may now 
be released. 



CHAPTER A 

Parasymphysis: Edentulous 
(Nonoverlapping) 



The absence of leelh docs not negate the imponance of es- 
lahhshing ihc proper relationship of the mandible and max- 
illa lor function. If the patient has dentures, il is preferable In 
use these as the best guide 10 the patient's functional occlu- 
sion and. therefore the proper position of the bone fragments. 
These con be modified to include arch bars to allow for the 
easj creation of the proper occlusal relationship. If the pa- 
tient does not have dentures, it is recommended that the 
occlusal relationship be established with splints. If the bone 
is *ei> atrophic, wc lecu end (he use ol a mandibular re- 
construction plate or a bone grafting technique to increase 
the likelihood of achieving stability and. therefore, bony union. 
In the parasymphysc.il area, compared with the .symphy- 
sis, the presence of the inferior alveolar nerve adds lo the 
technical difficulty of plate application. Although the frac- 
ture can he easily exposed by an intraoral approach, plate 
application (particularly compression plate application ) may 
lead to Stretching of the menial nerve a.s it leaves the man 
dible. Ol course, care must he taken not lo lear or transsecl 
this nerve. When an intraoral exposure is used, it is some- 
linies possible lo place all screws through the incision. How- 
ever, transhuccal placcmeni ol some posterior serous mas 
he necessary. 



1 1 ASK )\ II AND MINIPI.ATK AND 
COMPRESSION PLATE 



Key Principles 


pp. 42. 43. 61. 62 


-Surgical Approaches 




Inlraoial 


p. 71 


Exlraoral 


p. 81 



Occlusion >*- t"irsi established with dentures *>r uplinti The 

fracture is exposed cither immorally or exiraorally. 




FIG. 5-106 
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1K4 / uwn 
ii tptioonl) A modified towel clip may he used lo hold the 

bone fragments in reduction. A drill is used 10 create a ledge 
in the hone on each side ol the Fracture lor purchase hy the 
towel clip prongs Hie towel clip is then used to precompress 
the fracture. 




FIG. 5-107 



(Optional I A mandibular reduction pliers with side rollers 
may be fixed to (he inferior border of the mandible for reduc- 
tion ami precoinpre.ssiou. This generally requires an exlraorul 
approach. Rollers must be used because there is no tension 
band: otherwise, the alveolar portion of the fracture will be 
distracted. Care .should be used 10 place the screws that hold 
the pliers to the mandible between the anticipated plate holes 
so that (hey do not interfere with plate application. 







FIG. 5-108 
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A tension hand miniplate is applied by using monoconical 

screws along ihc tension line of Champy. using at least a four- 

hole plalc. Because there are no teeth presenl. this plate can 
he placed in from of or jusi above the menial foramen as 
needed, depending on the shape of the bone. The plate is benl 
In shape, and screws are placed Sequentially, one at a lime, 
i \. Ke dial bicorlical screws may he used il preferred because 
there are no toolh roots and the nerve is nol at risk in illis 
area. However, if the plalc extends below and behind the fo- 
ramen. Ihen monoconical screws should be used. I 



and l*i) to six bicorlical neutral screws (obviously de- 
pending on the length of the plate). When a mandibular 

reduction forceps lias been used, ihe locking screw is re- 
leased alter the two compression screws have been placed, 
ami Ihe pliers may be removed completely any lime after 

lour screws have been placed. 







FIG. 5-109 



The wound is Irrigated, drained, and closed. IMF ma] KM 
lie removed. 



An appropriale compression plate is selected, using al leasi 
a four-hole plate, This Is fixed along Ihe inferior third of the 
mandible. Be sure lo position Ihe plate well below Ihe inferior 
alveolar nerve. The plate is held in position with plate-hold- 
ing forceps after precise bending to ihe mandibular contour 

has been successfully completed, usually bending a template 
first and Ihen bending the plalc. 

Plate application is completed using two bicorlical com 

pression screws eccentrically placed away from Ihe fracture 







FIG. 5-110 



186 / unitv 
min1plate fixation 



Key Principles pp. 42. 61 

Surgical Approaches 

Immoral p. 7 1 



Occlusion is established using dentures or splints. I Some ex - 
penenced surgeons perform mimplale fixation in this situ- 

aiion without using splints: however, establishing ihe occlusal 
relationship provides a more dependable outcome, particu- 
larly when the patient has more than one fracture sue. I lor 
miniplalc fixation, an intraoral exposure is generally used. 




Two miniplates are necessary for stable fixation in the 
parasymphyscal region, t It' there is not enough mandibular 
heighi to accommodate two miniplates, then a mandibular 
reconstruction plate or bone grading technique is recom- 
mended, I Hie first mimplale is applied by using monocortical 
Screws alone Ihe tension lineof Champy. using at leas! a four 
hole plate. Because there are no teeth present, this plate can 
be placed in front of or just above the mental foramen as 
needed, depending on the shape of the bone The plate is hem 
10 shape and screws are placed sequentially, one at a time. 
(Note that bicortical screws may be used if preferred because 
there are no tooth roots and the nerve is not at risk in this 
area. However, if the plate extends below and behind the fo- 
ramen, then monoconicul screws should be used.) 




FIG. 5-114 



FIG. 5-112 



(Optional) A modified towel clip may be used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in ihe bone on each side ol Hie fracture for purchase bs the 
towel .lip prongs The towel clip is ihen used to pa-compress 
Ihe fracture. 




lite second miniplate is applied along the inferior ideal 
osteosynthesis line. 'ITiis is above the inferior border of the 
mandible. It is also well below Ihe inferior alveolar nerve: 
therefore, monocortical or bicortical screws may l>e used. 




FIG. 5-113 



FK3. 5-115 



Ihe wound is irrigated, drained, and closed. IMF may now 
be removed 



TIIRKK-niMKNSIONAI. I'LATK FIXATION 



Key Principles pp. 42. 6 1 

Surgical Approaches 
Intraoral p. 71 



SUTE: It is imperative when using the three-dimensional 
plate tin mandible fracture repair that plates iff the proper 
ihii kness nr.d tiu he used. The I "-»»» thick plate is used 
with 2,0-mm screws, A three-dimensional microplate should 
not />c used tor mandibular repair. 

Occlusion i> lirsi established using dentures or splints. 
(Same experienced surgeons perform miniplate Fixation in 

this >iiu.tlii>M without using splints; however, establishing ihe 
occlusal relationship provides a more dependable outcome, 
particularly when Ihe patient has more than one fracture site). 
For three-dimensional plate fixation, an intraoral exposure is 
generally used. 




FIG. 5-116 
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(Optional I A modified towel clip may be used to hold the 
bniic Fragments m reduction, A drill is used to create a ledge 
in Ihe bone on each side of Ihe fracture for purchase b) the 
towel clip prongs. The towel clip is then used to precompress 
Ihe fracture. 




FIG. 5-117 



A 2 \ 2 (square four-hole! three-dimensional plate is posi- 
tioned so thai the horizontal crossbars are perpendicular to 
the fracture and the vertical crossbars are parallel to the frac- 
ture. The two superior holes arc positioned anterior to and/or 
above the interior alveolar nerve. Monocorlical or biconical 
screws ma) therefore be used The two inferior screws are 
now placed. These are anterior to and below Ihe nerve and 
may therefore also be either monocorlical or biconical. For 
any reason, if the nerve is believed lo be at risk, then 
monocorlical screws should be used, 




FIG. 5-118 



The lowel clip is removed, and Ihe wound is irrigated. 
drained, and closed. IMF mav now be removed. 
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Key Principles 
Surgical Approaches 
[mraoral 

1 ■ mi aural 


pp. 44. 66 

p. 71 
p. 81 



The occlusal relationship is first established using dentures 

or splints. The fracture is generally exposed eMraorally. 







FIG. 5-119 



When using an EIJCP. the alveolar border (traction side) 
ill lite mandible must be precomprcssed. A modified towel 
clip may be used, although the mandibular reduction pliers 
w ith side rollers lor superior precompression is preferred. 




FIG. 5-120 



It is recommended thai the reduction pliers with side roll- 
ers he used to provide prereduction and precompression prior 

to applying the lilXT. This is fixed to the inferior border of 
the mandible; it therefore requires an cxlraoral approach to 
avoid injury to the inferior alveolar nerve. Horizontal 
precompression is first applied, the lock nut is lightened, and 
vertical precompression is Ihen applied with the rollc: ( 'all 
should be used to place the screws that hold the pliers to the 
mandible between the anticipated plalc holes so dial they do 
not interfere with plate applicalion. 



All appropriate EDCP is selected. Because the KIK'I' has 

:i top . ukI a bottom, care must be used to make certain that 

this plate is not applied upside down. The diagonal holes 
should point superiorly toward the fracture line! A tem- 
plate is usually bent to shape first, and the plate is carefuli) 
bent to match the template and then, ultimately, the bone, 
After precise bending to match the mandibular contour has 
been completed, the plate is positioned and held in place with 
a plate-holding forceps. First, two horizontal compression 

screw s are placed bicortically. positioning them eccentrically 
MM) from the fracture to produce horizontal compression 
The locking screw on the reduction pliers is released. 
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The two superiorly directed compression screws arc then 
placed bicortically. but only after the horizontal compression 
screws have been fully lightened. These are positioned infe- 
riorly so that compression is directed toward the alveolar 
border of the fracture. The reduction pliers are then removed. 





FIG. 5-122 



Additional screws (when more than a four-hole plate has 
been used) are placed neutrally. 



{ 
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FIG. 5-121 




FIG. 5-123 



The wound is imgaled. drained, unci dosed. IMHmay now 
he removed. 
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MANDIBULAR RECONSTRUCTION PLATE 



Key Principles 


pp.46.68(6l.h2l 


Surgical Approaches 




Intraoral 


p. 71 


Extraoral 


p. SI 



NOTE: The mandibular reconstruction plate provide! excel- 
lent stability, so much so that it can replace defective areas, 
it i\ thus excellent for aiLling stability when the underlying 
fractured bone is alrophit and weak. A longer plate with nu- 
merous fixation points puis tin- weak urea m rest, and tt mills 
in the stability of the repaii ami. thereby, ini reasei tin- likeli- 
hood of healing. 

Occlusion is first established H ith dentures or splint-, when 
possible. An intraoral or an extraoral approach may he used. 
In the pencil-thin mandible, the periosteum is left intact to 
whatever degree is possible to minimize devasculari/ation 
of bone. 




(Optional I A modified towel clip may be used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the hone on each side of the fracture for purchase by the 
towel clip prongs. The towel clip is then used to precompress 
the fracture. 







FIG. 5-125 



(Optional) A mandibular reduction pliers with side rollers 
lor superior compression ma) be applied along the inferior 
border. However, tins may not be desirable in the thin atro- 
phic mandible. II they arc used, horizontal precompression il 

applied, the lock screw is lightened, and the rollers arc used 
to compress the supcnoi borders ol the fragments ( are should 
be used to place the screws that hold the pliers to the man- 
dible between the anticipated plate holes so that they do not 
interfere with plate application. 






A reconstruction plate is selected anil applied, taking care 
to bend it as precisely as possible 10 the template and 10 the 
bone. A plate-holding forceps helps to hold the plate in posi- 
tion lot screw placement. Al least lour or live biconical screws 
on each side of lite fracture provide excellent support for the 
weak atrophic bone. This generally requires trunshuccal place- 
ment of at least .some screws if the transoral approach is se- 
lected. The central screws may be placed eccentrically away 
from the fracture for compression if desired, and if mandibu- 
lar height is only slightly higher than Ihe plate, the remaining 
screws are placed neutrally. 




FIG. 5-126 



Olherv. ise. all screws are positioned ncuir.illy 
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LAG SCREW FIXATION 



Key Principles pp. 47, 50 

Surgical Approai. lies 

Intraoral p. 71 



NOTE: When using ihi.s technique, long screws 138-44 mm) 
must he tivailable. 

Although lag screws can be used to fix parasymphyseal frac- 
tures, this technique is more difficult here compared with the 
symphysis because there is less cortex In catch with the lag 
screw. The presence of the inferior alveolar nerve also adds 
to the technical difficulty. 

The technique is the same as thai for Ihe Symphysis, and 
ihe reader is referred to pages 170-171 . An example of the 
final outcome is depicted here. 




FIG. 5-128 



FIG. 5-127 



The wound is irrigated, drained, and closed I VII-'. if present, 
may now Iw removed. 



CHAPTER 5 



Body: Dentulous (Nonoverlapping) 



Rigid fixation of mandibular bod) fractures is somewhat 
more technically difficult than symphyseal and para- 
symphyscal fractures as a result of the somewhat more 
difficult exposure, both exiraorally and intraorally. Extra- 
oral exposure requires significant dissection. Intraoral 
exposure necessitates working under and behind the men- 
tal nerve and the Iransbuccal placement of at least the 

more posterior screws, 

TENSION HANI) ARCH BAR AND 
COMPRESSION PLATE 



(Optional I A modified towel clip may be used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the Nme on each side of the fracture for purchase by the 
towel clip prongs. The towel clip is then used to precomprcss 
the Iracture. In the body region, an extraoral approach is 
needed lor this to lx- used 



Key Principles 


pp. 43. 62 


Surgical Approaches 




Intraoral 


p. 74 


Extraoral 


p. si 



The tension hand arch bar is first applied 10 the teeth across 
the fracture site, and proper occlusion is reestablished. The 
fracture is exposed either intraorally or exiraorally. 





FIG. 5-130 



FIG. 5-129 



i >n 
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ii IpimiKili \ mandibular reduction pliers may be applied 
along Ihe inferior bonier of the mandible. This can only be 
used il .in exlraor.il approach is used I .sing lhe.se pliers, ihe 
fragments arc reduced, and horizontal precompression is ap- 
plied. Care should be used to place the screws that hold Ihe 
pliers to the mandible between the anticipated plate holes so 
that they do not interfere with plate application 




An appropriate compression plate is selected, using at least 
a four-hole plate, and this is fixed along Ihe inferior third of 
ihe mandible. Be sure to position the plate below the inferior 
alveolar nerve. If an intraoral exposure is used, a transbuccal 
approach is needed to complete screw placement. The plate 
is carefully bent to match the mandibular contour, usually 
bending a template first and then bending the plate. A plale- 
holding forceps helps hold the plate in position if aticxtraoral 
approach has been used. With intraoral placement of a com- 
pression plate, care must be taken 10 ensure placement of the 
plalc at the inferior border. 




FIG. 5-132 



FIG. 5-131 



194 / i:\nv 
Plaie application is completed, using two bicortieal com 

pression screws (eccentrically placed away I'rom the frac- 
ture! and two i.i sn bicortical neutral screws, depending mi 
the length of the plate. When a mandibular reduction for- 
ceps has been used, the locking screw is released alter the 
two compression screws have been placed, and the pliers 
may be removed completely at any time alter lour screws 
have been placed. 







FIG. 5-133 



The wound is irrigated, drained, and closed. IMI- may now 

he released. 
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1 1 NSION BAND PLATE AND COMPRESSION 
PLATE 



Key Principles 




Pf 


.42.43.61 


«: 


Surgical Approaches 








Intraoral 




P- 


74 




Exlruoral 




1' 


83 





(Optional) A modified towel clip ma) he used to hold the 
hone fragments in rcduclion, A drill is used lo create a ledge 
in the bone on each side ol the Fracture lor purchase In the 
lowel clip prongs. ITic- towel clip is then used to preconiprcss 

the fracture. In ihe hody region, an extraoral approach is 

needed lor (his to he used. 



Occlusion is established, hill a tension hand arch har has nol 

been placed or is inadequate as a tension hand. The fracture 
is exposed either immorally or extraorally. 




FIG. 5-134 







FIG. 5-135 
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(Optional) A mandibular reducuon pliers with side roller, 
may be fixed to the interior border ofthe mandible for rcduc- 
lion and prccomprcssion. This requires an exlraoral approach. 
Rollers must be used because the tension band is inadequate; 
otherwise, [he alveolar portion of the fracture will be dis- 
tmcled. (are should be used lo place the screws that hold the 
pliers to the mandible between the anticipated plate holes so 
that they do not interfere with plate application. 



A lension band mmiplale is applied along the tension line 
of Champy, using at least 11 four-hole plate, this lies between 
the toolfa roois and the inferior alveolar nerve, approximately 
1.5 to 2 crow'n heights below ihe gingival margin. Mono- 
conical screws are placed .sequentially, one al a lime. 





FIG. 5-137 



FIG. 5-136 



An appropriate compression plate is selected, using al least 
a four-hole plate, and (his is lived alone the inferior third of 
the mandihlc. Be sure to position the plate below the inferior 
alveolar nerve. If an intraoral exposure is used, a transhiatal 
approach is needed to complete screw placement The plate 
is carefully bent to match the mandibular contour. usually 
bending a template first and then bending the plate. A pine 
holding forceps helps hold the plale in position if an eMraoral 
approach has been used. With intraoral placement of a com- 
pression pi. He. cue must betaken to ensure placement of the 
plate at the inferior border. 

Plale application is completed, using two hicortieal nun 
pressiofl screws leccentrically placed awn> from the fracture) 
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and two to six neutral screws, depending on the length of the 
plale. When a mandibular reduction forceps has been used. 
the locking screw is released after the two compression screws 
have been placed, and the pliers may be removed completely 
at any time after lour screws have been placed. 

The wound is irrigated, drained, and closed. IMF may now 

he released. 





FIG. 5-139 



FIG. 5-138 
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MIMI'I-ATK FIXATION 



Kej Principles pp. 42.61 

Surgical Approaches 
Intraoral p. 74 



(Oplional) A second miniplale may be placed be-low the 
first for added stability. This is placed below (lie inferior al- 
veolar canal. 



Occlusion is established using loops or arch bars lor IMF. 
l-'oi miniplMe fixation, an intraoral exposure is generally used 




FIG. 5-140 



A single miniplale is placed along llie ideal osteo- 
synthesis line ol tension of Clumpy, using at least a four- 
hole plate, although a longer plate is preferable. This is 
approximately 1.5 to 2 crown heights below the gingival 
margin. This corresponds 10 llie area between Ihe looth 
roots and the inferior alveolar canal. Monocorlical screws 
arc used, placing them sequentially, one al a lime Trans 
buccal application ma\ be necessar) 





FIG. 5-142 



The wound is irrigated, drained, and closed. IMF- may now 
be released. 






FIG. 5-141 






THREE-DIMENSIONAL PLATE FIXATION 



Key Principles pp. 42. 61 

Surgical Approaches 

lull. mm. il p. 74 



NOTK: It is imperative when using the three-dimensional 

pLuefor inaudible repair thai plates of the proper thickness 
andiiu be used, The 1 ,0-mm thit k plan- is used with 2 0-nrn 
screws. A three-dimensional microplate should not he used 
foi mandlbulm repati 

exclusion is established using loops nraR'h bars lor IMF. 
lot three-dimensional plate fixation, an intraoral exposure is 
generally used. 




FIG. 5-143 

A 2 x 3 (rectangular six hole I or a 2x2 (rectangular or 
square four-hole) three-dimensional plate is positioned so that 
the horizontal crossbars are perpendicular 10 the fracture and 
the vertical crossbars arc parallel 10 the fracture. 



mandible: trauma (fractures) / 199 

(Option 1 1 This is positioned above the inferior alveolar 
nerve canal. Because the tippet screws overlie the tooth roots, 
care must be used to ensure that only the buccal cortex is 
penetrated when drilling, and .'-mm length screws are placed 
in the upper holes to avoid tooth root injury. Of course. 
monocortieal screws are also placed in the lower holes 




FIG. 5-144 



(Option 2) As an alternative, the plate may be placed SO 
that the upper screws are above the nerve canal and the lower 
screws are below it. Monocortieal screws are placed in the 

two superior holes Make certain thai the most superior screw 

is at least 5 mm below the tooth roots. This should be be- 
tween the tooth roots and llie inferior alveolar nerve. The two 
inferior screws are placed below the inferior alveolar canal. 

again using monocortieal screws. 




FIG. 5-145 



The wound is irrigated, drained, and closed. IMF may now 
be released. 
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Kej Principles 
Surgical Approaches 

Intraoral 

Extntoral 


pp. 44. 66 
p. 74 

p. 83 



NOTE: /'/»> is in n the preferred or recommended technique 
by the authors I'm this situation The authors believe that, 
WhM it is possible, a tension hand li-ilmii/iic in prefern ,1 il ,i 
i ompression plate Is m be used. 

Occlusion is established, bul a tension h.inii arch bar has 
mil been placed or is inadequate. The fracture is generally 

exposed exmonlly. 




FIG. 5-146 



When using an EDCP, the alveolar border (traction side) 
of the mandible must he preconipressed. A modified lowel 
clip may be used, although Ihe mandibular reduction pliers 
with side rollers for superior precompression is recom- 
mended. This is fixed 10 1 he inferior border of the mandible. 
I lon/onlal precompression is firs! applied, followed by vcr- 
lical precompression with Ihe rollers. Care should be used to 
place the screws that hold ihe pliers to the mandible between 
Ihe anlicipaled plale holes so iti.it they do nol interfere wilh 
plate application. 




FIG. 5-147 
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Aii appropriate F.DCP is selected. Because ibe EDCP has 

a lop and a bollom. care nniM be used 10 make certain llial 
this plait- is nut applied upside down The diagonal holes 
should poinl superiorly toward Ihe fracture line! A tem- 
plate is usually hem 10 shape first and Ihc plate is carefull) 

hem to match die template and then, ultimately. Ihe bone. 



Aller precise bending lo match Ihe mandibular contour has 
been completed, Ihe plate is positioned and held in place with 

a plate-holding forceps. First, two horizontal compression 
screws are placed bicorlically. positioning them eccentrically 
away from Ihe fracture 10 produce horizontal compression. 
The locking screw on Ihe reduction pliers is released 



FIG. 5-148 
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The iwn superiorly directed compression screws we ihen 

plated bicortically. bin only alter the horizontal ciunpression 

screws have been fully tightened. Miesc ire positioned infe- 
rior!) SO thai compression is directed toward the alveolar 
border ol die fracture. The reduction pliers are then removed. 




Additional screws (when more than a four-hole plate has 
been used I arc placed neutrally. 




FIG. S-150 



The wound is irrigated, drained, and closed I Ml- may now 
be released. 
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MANDIBULAR RIXONSTRI CI ION PLATE 



Key Principles 


pp. 46. 68 (61. 62) 


Surgical Approaches 




Intraoral 


p. 74 


Humoral 


p. S3 



(Optional) A modified lowel clip may he used to hold die 

bone fragments in reduction. A drill is used to create a ledge 
in the hone on each side of the fracture for purchase by the 
lowel clip prongs. The towel clip is then used to precompress 
the fracture. In the body region, an extraoral approach is 
needed lot this to he used 



NOTE: Although the mandibular reconstruction plate pro- 
vides adequate stability in the absence of a tension band, a 
tension band Is still helpful in making i eriain thai the reduc- 
tion is property maintained during repair. The authors there- 
fort ra ■ mvnend thai a tension band arch bar be placed when 

possible. When this is not possible or is inadequate, a tension 
band miniplale nun he applied. 

i (collision is first established by using a tension hand arch 
har or loops. The fracture is exposed either tntraorally or 
exiraoralh. although an extraoral exposure makes bending 
and application technically easier. 





FIG. 5-152 



FIG. 5-151 
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(Optional) a mandibular compression pliers rna> be ap- 
plied along ihi- inferior border. No rollers are necessary i) .1 
tension band arch bar lias been applied: 




however, il there is no tension band, then rollers must he used. 

Using the reduction Forceps, horizontal precompression is 

applied. Care should he used to place the screw s that hold the 
forceps to the mandible between the anticipated plate holes 
to avoid interference with plate application. This can only be 
done if an exlraoral approach is used. 



FIG. S-1S3 




FIG. 5-154 
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(Optional) li in' arch bar has been applied, ;i four-hole 
miniplaie may be applied .is .1 tension band along the ideal 
osteosynthesis line ol tension of Champy. This is approxi- 
mately 1.5 10 - crown heights below the gingival margin. 
Phis corresponds to the area between the tooch roots and the 
inferiot alveolar canal. Monoconical screws are plated se- 
quentially, one 01 a lime. 



A mandibular reconstruction plate with at least six holes 
is selected. A template is bent 10 match the mandibular con- 
tour, and the plate is carefullj beni to match the template 
and. ultimately, the mandibular contour of the inferior man- 
dibular border. Biconical screws are used. II .1 tension band 
has been placed, the first two screws can be placed eccentri- 
cally away bom the site ol the fracture to produce compres- 
sion. I he remaining screws are then placed neutrally 




FIG. 5-155 




FIG. 5-156 



When there is no tension hand presenl. all screws tire 
placed neutrally, placing at least three screws on each side 

ol the fracture, although four or Rve on each side provide 
greater stability. 




FIG. 5-157 



The wound is irrigated, drained, and closed. I Ml- may now 
he released. 



CHAPTER 6 



Body: Edentulous (Nonoverlapping) 



I he absence of teeth docs nm negate the importance of es- 
tablishing the proper relulionship of ihe mandible and max- 
illa lor Function. If Ihe patienl has dentures, it is preferable 10 
use these as the best guide 10 ihe patient's functional occlu- 
sion and. therefore, the proper position of the bone fragments. 
These can be modified lo include arch bars 10 allow lor Ihe 
e.is) creation of the proper occlusal relationship. If the pa- 
tient does not have dentures, it is recommended that Ihe 
Occlusal relationship be established with splints. If the bone 
is very atrophic, we recommend ihe use of a mandibular re- 
construction plate or a bone grafting technique to increase 
Ihe likelihood of achieving stability and. therefore, bony union. 
Rigid fixation of mandibular body fractures is somewhat 
more technically difficult than symphyseal and 
parasymphyseal fractures because of the somewhat more dif- 
ficult exposure, both exlraorally and immorally. BxtTSOral 
exposure requires significant dissection. Intraoral exposure 
necessitates working under and behind Ihe mental nerve and 
the transhuceal placement of at least the more posterior screws. 

mimim All. UTO COMPRESSION PLATE 



Key Principles 


pp. 42. 43, 61, 62 


Surgical Approaches 




Intraoral 


p. 74 


li.xtraoral 


p. S3 



Occlusion is first established with dentures or splints. The 
fracture i- exposed either immorally or exlraorally. 




(Optional) A modified towel clip may be used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the bone on each side of the fracture for purchase by the 
n iu el clip prongs. The towel clip is then used 10 preeomprcss 
the fracture. In the body region, an exlraoral appioach is 
needed for this lo be used. 




FIG. 5-159 



FIG. 5-158 
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(Optional I A mandibular compression pliers with side roll- 
ers foi superior compression may be applied along the infe- 
rior border. This can only be used if an cxlraoral approach is 
used. This is fixed 10 the inferior mandible. Care should he 
used to place the screws thai hold the pliers to the mandible 
between the anticipated plate holes so that they do not inter- 
fere with plate application. Using these pliers, horizontal 
precompression is first applied, and Ihe lock Mil is lightened. 
The rollers are then used to compress the superior borders of 
the fragments together. 




A tension band nnniplale is applied along the tension line 
i it ( "li.impy by using at least a four-hole plate. This lies above 
Ihe inferior alveolar canal. (There must be enough bone 
present to accommodate a miniplale: otherwise a reconstruc- 
tion plate or bone grafting technique should be used.) 
Monoconical screws are placed sequentially, one at a lime. 




FIG. 5-161 



An appropriate compression plate is selected, using .it least 
a four-hole plate, and this is fixed along Hie interior Ihird of 
the mandible tt«* sure la position the pfne below the inferior 

alveolar nerve. If an intraoral exposure is used, a transbuccal 
approach is needed to complete screw placement. The plate 
is carefully bent to match the mandibular contour, usually 
bending a template first and then bending the plate. A plate- 
holding forceps helps hold the plate in position i! an cxlraoral 
approach has been used With intraoral placement ot a com 
pression plate, care must be taken to ensure placement ot tin- 
plate at Ihe inferior border. 



FIG. 5-160 
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Plate application is completed, using two compression 

screws (eccentrically placed away from the fracture) 




~^& 



FIG. 5-162 



and two to six neutral screws, depending on the length Ol tin- 
plate. When a mandihular reduction forceps lias heen used. 
the locking screw is released alter the two compression screw s 
have heen placed, and the pliers may he removed completely 
W any lime after four screws have been placed. 




FIG. 5-163 



The wound is irrigated, drained, and closed. IMF may now 
he lemoveil 



MINII'I All. K1XATION 



pp. 42, 61 



Key Principles 
Surgical Approaches 

Intraoral p. 74 



Occlusion is established using dentures or splints. (Some ex 
pcricnccd surgeons perform miniplale fi,\alion in this situ- 
ation without using splints: however, establishing the occlusal 
relationship provides a more dependable outcome, particu- 
larly when the patient has more than one fracture site.) For 
miniplale fixation, .in intraoral exposure is generally u-sed. 




FIG. 5-164 
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Two miniplates arc recommended tor stable fixation Ol 
the edentulous mandibular body. Therefore, there must he 
enough bone above the interim alveolar canal to accommo- 
date a miniplale. (If there is not enough mandibular height to 
accommodate two miniplates. then a mandibular reconstruc- 
tion plate or bone grafting technique is recommended. I The 
first miniplale is placed along the tension line ol (Tiampy. 
above ihe nerve canal, using at least a four-hole plate. 
Monixonical screws arc placed sequentially, one ai a lime. 




FIG. 5-165 



A second miniplale is placed below the lirsi for added sta- 
bility. This is placed below ihe inferior alveolar canal. 
Monocortical or bicortical screws may be used in this area. 




FIG. 5-166 



The wound is irrigated, drained, and closed. IMF may now 
be removed. 
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TIIRKE-DIMKNSIONAI. I'L.VIK FIXATION 



Key Principles pp. 42. 6 1 

Surgical Approaches 

I'll'.:, il .:! p. 74 



Note Ins Imperative « hen using the 3-D plate for mandible 
frat not repair that pluie.s of the proper thickness ami size he 
used The l.o mm thick plate is used »■"'' 2 <> mm tcrtws A 
micniJ-D plate should oat he used for mandibular repaii 

Occlusion is fust established using dentures or splints. 
(Some experienced surgeons perform miniplale fixation in 

this situation without using splints: however, establishing the 
occlusal relationship provides a more dependable outcome, 
particularly when the patient has more than one fracluie site i. 
I hi three-dimensional plate fixation, an intraoral exposure is 

generall) used. 




A 2 * 2 (square four-hole! three-dimensional plate is posi- 
tioned so thai the horizontal crossbars arc perpendicular to 
the fracture and the vertical crossbars are parallel to the frac- 
ture. There must be enough bone above the inferior alveolar 
canal to accommodate the upper screws, t If there is not enough 
mandibular height for these, then a mandibular reconstruc- 
tion plate or bone grafting technique is recommended.) The 
two superior screws are placed above the nerve canal using 
morioconical screws I lie two inferior screws are now placed. 
These are below the nerve and may therefore be either 
monocortical or biconical. for any reason, it the nerve is be- 
lieved to he at risk, then monocortical screws should he used 




FIG. 5-167 



FIG. 5-168 



The wound is irrigated, drained, and closed. IMI- may now 
be removed. 
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Key Principles 


pp. 44, 6ft 


Surgical Approaches 




Intraoral 


p. 74 


Extnonl 


p. 83 



The occlusal relationship is first established using dentures 
or splints. The fraclure is generally exposed exlraorally. 




FIG. 5-169 
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When using an EDCP. the alveolar border (traction sidel 
of the mandible must be preeompressed. A modified towel 
clip may be used, although the reduction pliers with side 
rollers for superior precompression is recommended. This is 
fixed to the inferior border of the mandible; it therefore re- 
quires an extraoral approach. Horizontal precompressioil is 
first applied, the lock nut is tightened, and vertical prccom- 
prcssion is then applied with the rollers. Care should be used 
10 place the screws that hold the pliers to the mandible be- 
tween the anticipated plate holes so that they do not utter- 
fere with plate application. 




FIG. 5-170 



i 
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An appropriate BDCP is selected Because Ihe EDCP has 
a lop ami a hollom. care musl he used to make certain that 
[his plate is not applied upside down. The diagonal link's 
should point superiorly toward the fracture line! A tem- 
plate is usually bent to shape first, and the plate is carefully 
bent to match the template and then, ultimately, the bone. 



Alter precise bending lo match Ihe mandibular contour has 
been Completed, the plate is positioned and held in place null 
a plate-holding forceps. First, two horizontal compression 
screw s arc placed hicortically. positioning them eccentrically 
away from the fracture lo produce horizontal compression, 
lite locking screw on the reduction pliers is released. 



FIG. 5-171 
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The two superiorly directed compression screws are then 
placed bicortically. but only after the horizontal compression 
screws have been fully lightened. These are positioned infe- 
norly so that compression is directed loward the alveolar 
border of the fracture. The reduction pliers arc then removed. 



Additional screws (when more than a four-hole plate has 
been used) arc placed neutrally. 





FIG. 5-173 



The wound is irrigated, drained, and closed. IMP may now 
he removed. 



FIG. 5-172 
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MANDIBULAR RECONSTRUCTION PLATE 



Key Principles 


pp. -16. 68 (61.62) 


Surgical Approaches 




Intraoral 


p. 7-1 


Extraoral 


p. 8 •• 



(Optional I A modified towel clip may he used to hold the 
bone fragments in reduction. A drill is used to create a ledge 
in the hone on each side of the fracture for purchase hy the 
towel clip prongs. The towel clip is then used to precomprevt 
the fracture. In the body region, an extraoral approach is 
needed for this to be used. 



NOTB:The mandibular rtconstruction plate provides excel 

lent stability, to much SO thai il can replace dele, inr mens 

It a Miti excellent /■"• adding stability when the underlying 
fractured bum- is atrophic and weak. A long plate with nii- 

men wsfl mtii "i points puis the weak area in rest, and it adds 

in the ttabillt) ni the repair and, therefore, ii ini reasei ih, 
likelihood <»/ healing. 

( fcclusion is first established * ''I' dentures or splints when 
possible. An intraoral or extraoral approach may be used. In 
the pencil-thin mandible, the periosteum is left intact to what- 
ever degree is possible to minimize devascularization of the 

bone. 





FIG. 5-174 



FIG. 5-175 



(Optional) A mandibular reduction pliers with side rollers 
lor superior compression may Ik- applied along the interior 
border. However, this may noi be desirable m the thin atra 
phic mandible. If they are used, horizontal precompression is 
applied, the lock screw is tightened, and the rollers are used 
to compress the superior borders of the fragments. Care should 
be used to place the screws that hold the pliers to (he man- 
dible between the anticipated plate holes so that they do not 
interfere with plate application 
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A reconstruclion plate is selected and applied, taking 
care to bend ii as precisely as possible to the template and 
to the bone. A plate-holding forceps helps to hold the plate 
ill position for screw placement. At least lour or live 
bicortical screws otl each side of the fracture provide ex- 
cellent structural support lor the weak atrophic bone. The 
central screws may be placed eccentrically away from the 
fracture for compression il desired, but only il the man- 
dibular height is only slightly higher than the plate; the 
remaining screws are placed neutrally. 




FIG. 5-177 




The wound is irrigated, drained, and closed. IMF may now 
be removed. 



FIG. 5-176 



Otherwise, all screws are positioned neutrally. 



CHAPTER 7 

Angle: Dentulous or Edentulous 
(Nonoverlapping) 



1 . An arch bar cannot serve as a tension band in this region 
because the fracture is generally behind the dentition or 
in the region ot the third molar. Therefore, a distinction 
is not made between the dentulous and the edentulous 
mandible. However, as discussed earlier, establishing the 
proper occlusal relationship is nonetheless very impor- 
tant. The authors therefore recommend the use of IMP 
(by whatever means is most feasible) prior to the place- 
ment of rigid fixation devices to minimize the risk of 
creating a malocclusion (i.e., a malunion). 

2. The issue of how to handle teeth in the line of fracture. 
particularly unerupted third molars, remains controver- 
sial. The decision of whether to extract or noi to extract 
is up to the discretion of the surgeon and beyond the scope 
of this atlas. 

3. Finally, it should be apparent that, for any intraoral ap- 
proach to the mandibular angle, screws are placed through 
a percutaneous approach, using a transhuccal Irochar. 
Care must he used to ensure proper plate positioning and 
contour when using this approach. 



TKNSION BAND PLATE AND COMPRESSION 

PI Ml 



Key Principles 


pp. 42. 4.1. 61. 62 


Surgical Approaches 




Intraoral 


p. 77 


Extraoral 


p. 83 



Occlusion is first established by the appropriate means, lite 
fracture is exposed, either immorally or exInioralK Note thai 
for intraoral plate application, a transhuccal approach for drill- 
ing and screw application is necessary. 




FIG. 5-178 



216 
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For inlraor.il repair, no reduction device can be applied. 
However, a bone-holding clamp of some type can be used to 
manipulate Ihe posterior bone fragment and reposition it, 




FIG. 5-179 



When mic.Mciii.il Ittcbrion la iuhmJ. reduoilon may be k 

complishcd using modified towel clips or bone clamps. When 
towel clips arc used, a drill is used to create a small ledge in 
Ihe hone on each side of Ihe fracture for purchase by the towel 
clip prongs. The towel clip is then used to reduce and com- 
press Ihe fracture fragments together, taking care to realign 
Ihe thin bones carefully. 




(Optionall As an alternative, when an exlraoral approach 
is used, reduction pliers with side rollers may be applied for 
precompression. Note that the application of these pliers may 
be difficult in the angle region as a result of the presence of 
the angle itself and the thinness of the bone posteriorly. Hori- 
zontal precompression is first applied, and the rollers are then 
lightened for vertical precompression. Note also that the pli- 
ers do not work well and may even serve to distract Ihe frac- 
ture if a tooth in the line of the fracture has been extracted. 
Care should be taken to place the screws that fix Ihe pliers to 
the mandible between Ihe anticipated plate holes to avoid in- 
terference with plate application. These screws should also 
be placed approximately parallel to the fracture line 10 achieve 
the best results. 

(Option 1 1 A two-hole compression plate may be used as 
a tension band. This plate is positioned so that it is applied 
above the inferior alveolar nerve. This plate is carefully posi- 
tioned and bent 10 match the mandibular contour tan inter 
vening template may be used it necessary). Bicoilical screws 
are placed eccentrically away from Ihe Fracture to produce 
compression of the fragments. 




FIG. 5-181 



FIG. 5-180 
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(It has been suggested that, in llie presence of an unenipted 
ihird molar, this plaie can Ik- applied with one of Ihe screws 
passing directly ihmugh Ihe looih tor belter holding power. 
This mandates later removal of the plate and extraction of the 
tooth after Ihe fracture has healed. This technique is not ad- 
vocated by Ihe authors.) 

(Option 2) A four-hole or longer miniplale may he used as 
a tension hand. (Option 2a I This is positioned across the frac- 
ture along the oblique line and henl 10 shape, Care must be 
taken lo avoid tooth roots and the inferior alveolar nerve. 
Monocortical screws are placed sequentially. It is usually 
easier to place the posterior screws first. The posterior frag- 
ment is pulled anteriorly, reducing the fracture and making 
placement Of the anterior screws easier. 




t Option 2b) This is positioned along the buccal cortex 
across the fracture site above the inferior alveolar nerve 
and bent to shape. Screws are placed sequentially, mak- 
ing sure lo drill the holes only through the outer cortex to 
avoid possible injury lo tooth roots and/or the inferior al- 
veolar nerve. At least four sell -lapping miniscrews should 
be placed (Btcortlcal screws may be used if ihe surgeon 
is absolutely certain that the nerve anil Ihe teeth are 
avoided, but monoconical screws provide adequate -la- 
bility with this technique. I 




FIG. 5-182 



FIG. 5-183 



An appropriate compression plate is selected, choosing at 
leafl a four-hole plate, although a six-hole plate is preferable 
because of Ihe relatively weak holding power of ihe Ihin pos- 
terior bone. This plate must be positioned below the inferior 
alveolar nerve. The plate may be held in place with plate 

holding forceps after precise bending lo the mandibular con- 
tour has been successfully completed, usually bending a tem- 
plate first and then bending the plate. 
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Plate application jsckimpli.-li.-il b> using two biconical com- 
pression screws and iwo to Four bicortical neutral screws, 
depending on the length of the plate selected. Because a ten- 
sion band plate has been applied, the technique for applying 
the inferior compression plate is the same Whether the ten 
sinri hand plate is a niotiocortically applied miniplale or a 
two-hole compression plate. 





FIG. 5-184 



FIG. 5-1 B5 



(When a mandibular reduction pliers has been used, the 
locking screw is released after the two compression screws 
have been placed, and the pliers may be removed completely 
at any tune after lour screws have been placed.) 

The wound is irrigated, drained, and closed. 1Mb may now 
be released. 
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MINll'l Ml-. TECHNIQUES 



Key Principles 




pp 12. hi 


Surgical Approat 


hes 




Immoral 




p. 77 


Exlraoral 




p. 83 



NOTE: The authors recommend the use of two miniplates to 
men omethe varyingfon esat ting on the angle region. There 
are three possible combinations of two miniplates: 

1. Oblique line ami superior buccal 




2. Oblique line anil interior buccal 




FIG. 5-187 



FIG. 5-186 



3. Superior buccal and interior buccal. 
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There ait some data thai suggest that option I. oblique line 
wiih superior buccal may be besi. although at the time of this 
writing, the data were inconclusive. Although not advocated. 
placing miniplalcs at all ihree locations may be optimal. 



FIG. 5-188 







FIG. 5-189 
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Oblique l-ine and Second Plate 

Occlusion is Him established b> Ihc appropriate means. Hie 

fracture is exposed miraorally. 




FIG. 5-190 

For intraoral repair, no reduction device can be applied. 

rfowevci a bone-hoWing climpol some type can In- used to 

manipulate the |>osterior (proximal) hone fragment and repo 
silion ii. 




FIG. 5-191 



A four-hole or longer miniplale is selected. This is posi 
tioned .muss the fracture along the oblique line and bent to 
shape. Care niusi be taken to avoid tooth roots and the Into 
nor alveolar nerve Monocortical screws arc place sequen- 
tially, Ii is usually easier to place ihc posterior screws first. 
The posterior fragment is pulled anteriorly, reducing the froc 

lute and making placemen! ol the .interior screws easier. 




FIG. 5-192 



(Option li \ second mlniplata is positioned along lln 

buccal cortex across the fracture site above ihe inferior 
alveolar nerve and bent to shape. Screws are placed se- 
quentially, making sure to drill the holes only through the 
outer cor lex to avoid possible injury lo tooth roots and/or 
the interior alveolar nerve. \l least lour sell-lapping 
miniscrews should be placed. (Bieortical screws mtiy be 
used if Ihc surgeon is absolutely certain that Ihe nerve 
and the teeth are avoided, hut monocoitical sercwj pi" 
wide adequate stability with this technique. I 




FIG. 5-193 
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i ( )piinn 2 1 A second miniplaie la positioned interiorly along 

Ihe buccal side of the fracture below ihc inferior alveolar nerve 
and hem in shape. Screws are placed sequentially, using at 
least two screws on each side ut die fracture. Monocnriical 
or hicotitcal screws ma> be used because Ihe nerve is not at 
risk if Ihe plate is positioned properly. However, monocottical 
screws provide adequate stability with this technique. 




FIG. 5-194 



rite wound is InigBied, drained, ind closed, imp may now 
be released. 
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l-ateral (Buccal) Placemen! Only 

Occlusion is liisl established by Ihe appropriate means. The 
fracture is excised, cither inlraorally or exlraorally. Note that, 
for intraoral plate application, a transbuccal approach for drill- 
ing and screw application is necessary. 




FIG. 5-195 



For inlraoral repair, no reduction device can be applied. 
However, a bone-holding clamp of some type can be used to 
manipulate the posterior (proximal) bone fragment and repo' 

SIIIOII It. 




(Optional) When an external incision is used, reduction 
may he accomplished by using modified towel clips or bone 
clamps. When towel clips are used, a drill is used to create a 
small ledge in the bone on each side of the fracture for pur- 
chase by the towel clip prongs. The towel clip is then used to 
reduce and compress Ihe fracture fragments together, taking 
care to realign Ihe thin bones carefully. 




FIG. 5-197 



tOplionall As an alternative, when an extraoral approach 
is used, reduction pliers with side rollers may he applied for 
stabilization anil precontpression. Note that the application 

Of these pliers may lie difficult in Ihe angle legion because at 
Ihe presence of the angle itself and the thinness ol the bone 
posteriorly. Horizontal precompression is firsl applied, and 
the rollers are then tightened for vertical precompression. Note 
that the pliers do not work well and may even serve 10 dis- 
tract the fracture it B tOUtll in the line ol liactuie has been 
extracted. Care should be used t.» place the screws for the 
pliers between the anticipated plate holes to avoid interfer- 
ence with plate application. These screws should also he 
placed approximately parallel to ihe fracture line to achieve 

Ihe best results. 



FIG. 5-196 



•\ Four-hole 01 longer miniplaie is selected. This is |>osi 

tinned along the buccal ( lateral ) side of the mandible and bent 
to shape. Take care to position n above the inferior alveolar 
nerve. Screws are placed sequentially. Make sure to drill the 
holes only through the outer cortex to avoid possible injury 
to tooth C00I8 and/or the inferior alveolar nerve At least lout 
sell-lapping miniscrews should be placed. ( Bicortical screws 
may be used if the surgeon is absolutely certain that the nerve 
and the teeth ale .ivoided, but monocortical screws provide 
adequate stability with this technique.) 




FIG. 5-198 
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A second miniplate is positioned interiorly along the buc- 
cal side 01 the fracture below the inferior alveolar nerve and 
bent to shape. Screws are placed sequentially, using at least 
two screws on each side of the fracture. Monocortical or 
bicoilic.il screw s may be used because the nerve is not at risk 
il the plate is positioned properly. However, monocortical 
screws provide adequate stability with this technique. 




FIG. 5-199 



Die wound is irrigated, drained, and closed. I Ml- may now 
be released. 
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EDCP 



Key Principles pp. 44, 66 

Surgical Approaches 

Exlraoral p. N I 



NOTE: Although this plate can '><• used effectively in tMa 
region, it is probably nui the safest or strongest repair avail- 
able I his is I'liitiruhii ly ii in' i] there has been any hum' loss 
Superiorly or If a tooth lias been lost or exlracti'tl. l-ttrtlwr- 

moii'. because of the difficulty of proper EDCP application. 
isfU'i tally in ihis region, on extraoral approach and use of 
tin- ;• ,lm lion pliers with rollers are advised. 



Occlusion i~ lirsi established by the upproprialc means. 
'Hie fracture is exposed, exlraorally 




FIG. 5-200 
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When using Ml EDCP, the alveolar horder (traction side) 
ill the mandible must he precompressed. A modified towel 
clip may he used, although the mandibular reduction pliers 
with side rollers lor superior preconiprcssion is recommended. 
Note [hat the application of the pliers can be difficult in the 
BTlgle region as a result of the presence of the angle itself and 
the thinness of the bone posteriorly. The screws thai hold the 
pliers to the mandible should be placed approximated paral 



lei to the fracture line to achieve the best results. Care should 
he used to place the screws for the pliers between anticipated 
plate links so thai they do not interfere with plate applica- 
tion. Horizontal prccomprcssiori is lirsl applied, and then the 
lock nut is lightened. The rollers are then carefully lightened 
10 produce v ertical compression. Note that this does not work 
well if there is hone loss n the alveolar border or if a tooth 
has been cxnai ted 




FIG. 5-201 
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An appropriate lilKT is selected ami positioned interi- 
orly below the inferior alveolar nerve. At leas) a six-hole plate 

is recommended in this area. Because the EDCP has a top 
and a bottom, care must lie used to make certain thai this 
plate is not applied upside down. The diagonal holes should 
point superiorly toward Ihe fracture line! A template is 
usually benl 10 shape first Hie plate is then carefully bent to 
match the template and then, ultimately, the none. After pre- 
cise bending to match the mandibular contour has been com- 
plefed, Ihe plate ia positioned and held in place with a plate- 
liolding forceps. 

First, the two horizontal compression screws are placed 
bicomcally. positioning them away from the fracture to pro- 
duce horizontal compression. The locking screw on the re- 
duction pliers is release.! 







The superiorly directed compression screw s are then placed 
bid midlly. but only after the horizontal compression screws 
have been fully lightened I "he.se are positioned interiorly so 
that compression is directed toward the alveolar border of 
the fracture. The reduction pliers are then removed. 




FIG. 5-203 

Additional screws (when more than a four-hole plate has 
been used), are placed neutrally. 




FIG. 5-204 



FIG. 5-202 



The wound is irrigated, drained, and closed IMF may now 
he released. 



ANGLED COMPRESSION PLATE 



Key Principles 


pp. 43. 62 


Surgical Approaches 




Intraoral 


p. 77 


Extraoral 


,.. s. 
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When an externa] incision is used, reduction may he ac- 
complished by using modified towel clips or hone damns 
When a towel clip is used, a drill is used to create a small 
ledge in the hone on each side of the fracture for purchase by 
the towel clip prongs. The towel clip is then used to reduce 
and compress the fracture fragments together, taking care to 
realign the thin hones carefully. 



NOTE: This plait hu\ been specifically designed '» apply 
compression across the angle region in o direction thai pulls 
ike body oj the mandible posierasuperiorly toward the ramus 



<>r nee if ra 



Occlusion is first established by the appropriate means. 
The fracture is exposed, either immorally or extraorally. Note 
that for intraoral plate application, a transbuccal approach lor 

drilling and screw application is necessary. 





FIG. 5-207 



FIG. 5-205 



Lor intraoral repair, no reduction device can Ik- applied 
However, a bone-holding clamp of some type can be used to 
manipulate the posterior I proximal I bone fragment and repo- 
sition it. 




FIG. 5-206 
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(Optional) As an alternative when an cxlruoral approach 
is used, reduction pliers with side rollers may be applied tor 
precompression. Noie thai the application of these pliers ma) 
he difficult in the angle region as a result of the presence of 
the angle itself and the thinness of the hone posteriorly. Hori- 
zontal precompression is first applied, and the rollers .ire ilien 
tightened for vertical precompression. Note that the pliers do 



not work wel I and may even serve to distract the fracture if a 
tooth in the line of the fracture has been extracted. Care should 
be used to place the screws that fix the pliers to the mandible 
between the anticipated plate holes to avoid interference « Hh 

plate application. These screws should also be placed approxi- 
mately parallel to the fracture line to achieve the best results. 




FIG. 5-208 
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An angled compression plale is selected and positioned so 
lhal n siis below and behind the inferior alveolar nerve. This 
plate is carefully hcnl to match the mandibular contour, gen- 
erally by first bending a template and then bending the plale 
to match the template and. ultimately, the mandible. 

When the neutral screws are in the posterior (proximal) 
fragment, the plate is positioned, and these screws are ap- 
plied biconically. one al a lime. 




FIG. 5-209 



The posterior fragment is pulled forward into reduction 
and held there The hiconical compression screws are then 
placed in the anterior I distal I fragment. These are positioned 

inferioriy in ihe holes so thai compression forces arc directed 

poslcrosupcriorly. thereby compressing the fractured frag- 
ments together. 




When the neutral screws arc in the anterior [distal) frag- 
ment. Ihe plate is positioned, and these screws are applied 
biconically one .it a lime. 







FIG. 5-211 



Tlie posterior fragment is pulled forward into reduction 
arid held there. The hicortrcal compression screws are then 
placed in the posterior fragment. These are positioned 
I siski .'superiorly in the plate holes so lhal compression forces 
are directed anteroinfenorlv. thereby Stabilizing the plale to 
the posierior fragment and resulting in compression across 

the fracture line. 




FIG. 5-210 



FIG. 5-212 



The WOUlKl is irrigated, drained, and closed. IMF may now 
he released. 
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MANDIBULAR RECONSTRUCTION PLATE 
VVITI I OR WITHOUT TENSION BAND PI-ATE 



Key Principles 




pp. 46. 68 1 fi 1 


62) 


Surgical Apprua 


lll-.s 






Intraoral 




p. 77 




fixtraoral 




p M 





NOTE: The mandibular reconstruction [flaw is designed iii 

be able to replace missing segments of bone. It therefore can 
serve as an alternative fixation technique for anyfrat ture us 

long as ad i'i/ unit- fixation is applied (generally at least three 
to four screws on each side of the fracture) For the thin hone 
in the angle region, the plate provides additional stability 
and may decrease the infection and nonunion rate, especially 
when a tooth has been lost or needs to be extracted. 

Occlusion is first established by i he appropriate means. 
The fracture is exposed, either immorally orextraorally. Note 
thai lor intraoral plate application, a transbuccal approach for 
drilling and screw application is necessary. Also note that, 
when a long plate is used, more than one lranshiicc.il stab 
may be needed. 




FIG. 5-213 



For intraoral repair, no reduction device can be applied. 
However, a bone-holding clamp of some type can be used to 
manipulate the posterior (proximal) bone fragment and repo- 
sition it. 




FIG. 5-214 



When an external incision is used, reduction may he ac- 
complished by using modified towel clips or Nine clamps 
When towel clips are used, a drill is used to create a small 
ledge in the bone on each side of the fracture lor purchase hs 
the towel clip prongs. The towel clip is then used to reduce 
and compress the fracture fragments together, taking i are in 
realign the thin hones carefully. 







FIG. 5-215 
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(Optional) As an alternative, when an cxlraoral approach 
is used, reduction pliers with side rollers may be applied lor 
prceonipression. Note thai the application of these pliers may 
be difficult in the angle region as a result of Ihe presence of 
Ihe angle itself and the thinness of Ihe bone posteriorly. Hori- 
zontal precompression is first applied, and the rollers are Ihen 
lightened for vertical precompression. Note thai Ihe pliers do 



mil work well and may even serve lo distract ihe fracture if a 
tooth in the line of fracture has been extracted. Care should 
he used lo place the screws that fix the pliers lo the mandible 
between the anlicipated plale holes to avoid interference with 
plate application. These screws should also be placed approxi- 
mately parallel lo the fracture line lo achieve the hest results. 




FIG. 5-216 
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(Optional I A tension band plate may be used along wiih 
the reconstruction plate. Hie tension band plate should be 
applied first 

(Option 1 1 A two-hole compression plate may he used as 
a tension band. This plate is positioned so that it is applied 

above the interior alveolar nerve, Iliis plate is carefully posi- 
tioned and bent to match the mandibular contour (an inter- 
vening template may be used il necessary ). Bicorucal screws 
are placed eccentrically away from the fracture to produce 
compression ol the fragments 




FIG. 5-217 



( Il has been suggested that, in the presence ol an unerupled 
third molar, (his plate can be applied with oik - of the screw ■ 
passing directly through the loolh for better holding power. 
This mandates later removal of the plate and extraction of the 
loolh alter (he fracture has healed. This technique is not ad- 
vocated Us llic auiliiii vi 



(Option 2) A four-hole or longer miniplate may be used as 
a tension band. (Option 2a) This is positioned across die frac- 
ture along the oblique line and bent to shape. Care must be 
taken to avoid loolh roots and the inferior alveolai nerve. 
Monocortical screws arc placed sequentially. Il is usually 
easier to pi. ice the posterior screws first. The posterior frag- 
ment is pulled anteriorly, reducing the fracture and making 

placement of the anterior screws easier 




FIG. 5-218 



(Option 2b) This is positioned along the buccal cone* across 
the fraciurc site above the inferior alveolar nerve anil Ivin to 
shape. Screws are placed sequentially. Make sure to drill the 
holes only through the outer cortex to avoid possible injury to 
tooth roots and/or the inferior alveolar nerve. At least four self- 
tapping mirtiscrewj should be placed. (Biconical screws may 
be used if the surgeon is absolutely certain that the nerve and 
the teeth arc avoided, but uionocortical screws provide adequate 
stability with this technique.) 




FIG. 5-219 



An appropriate length of reconstruction plate is selected. 
At least three screws on each side ol the fracture are recom- 
mended, although four or even five are preferred. Note that 
bending can be difficult, and prebenl plates are preferable for 
the Ugle region when they can be successfully fitted (Ex- 
cessive betiding significantly weakens plate strength.) A (em- 
plate is bent to mutch the mandibular contour, and the plate is 
carefully bent to match the template and. ultimately, the man- 
dible. Take care to position the plate below and behind the 
inferior alveolar nerve. 
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II a tension band plate has been applied, then the first two 
bicortical screw s may be placed eccentrically, providing axial 
compression across the fracture. 'ITie remaining four to eight 
screws are positioned neutrally, and any reduction devices 
are removed. 




FIG. 5-220 



If no tension band plate has been applied, then all screws 
are placed neutrally in the plate holes to avoid distracting 
forces along the alveolar portion of the fracture. Care is taken 
to position the plate below the inferior alveolar nerve so that 
bicortical screw s may he used Safety. At least six screws, but 
even eight or ten. are placed. Any reduction device present 
is removed. 




FIG. 5-221 



The wound is irrigated, drained, and closed. IMF may now 
be removed. 
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LAG SCREW 



Key Principles pp. 47, 50 

Surgical Approaches 

Intraoral p. 77 



For intraoral repair, no reduction device can be applied 
However, a bone-holding clamp of some type can he used to 
manipulate the posterior (proximal) bone fragment and repo- 
sition it. 



NOTE: When using this technique, long screws (38-44 mm) 

must be mailable. 

NOTE: This " a difficult technique i<> master, and prat lice 

on models and cadavers is strongly recommended. 

Occlusion is first established by the appropriate means. 
The fracture is exposed immorally and reduced. 





FIG. 5-222 



FIG. 5-223 



The trarisbuccal trochar is introduced under the mandibu- 
lar body at an angle from anterior to posterior and from infe- 
rior to superior. The site for drilling along the buccal portion 
of the mandibular body is identified by developing an angle 
that crosses the fracture from the buccal cortex of the man- 
dibular body to the lingual cortex of the ramus, carefully 
avoiding the inferior alveolar nerve. This courses from 
antcroinferolalcral to posterosuperomedial. A notch drilled 
perpendicularly in the bone allows for purchase of the drill. 
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The lateral cortex is drilled with a 2.7-mrn drill bit. Be 

careful m>! tt> drill rlic- second cortex. 




FIG. 5-224 
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The I .(I- mm sleeve may be inlroduced into this hole, and 
l he posteromedial cortex is drilled wilh the 2.0-mm drill bil. 



If noi self-lapping, ihc hole is lapped wilh a 2.7-mm lap. 
The screw is carefully placed and tightened 



./ 





FIG. 5-225 



FIG. 5-227 



The IWOUnd is irrigated, drained, and closed IMF may now 
be released. 



A countersink is used lo enlarge the drill hole fot heller seal 
ing of the screw head. A depth gauge is used to measure the full 
length of the hole, which is generally 24 to 30 mm in depth. 



,'"» i 




FIG. 5-226 



CHAPTER 8 



Ramus: Horizontal Fractures (Above Lingula) 
(Dentulous or Edentulous) 



An arch bar cannot serve as a tension hand in lliis region 

because the fracture is behind the dentition. Therefore, dis 
linction is not made between ihc dentulous and the edentu- 
Ions mandible. However, the use of intraoperative IMI- is siill 
recommended to maintain the proper occlusal relationship. 
Note also thai Ihc mandibular ramus is thin and difficult to 
access. 

MINIPI.ATF.S 



Key Principles 


pp.42, 61 


Surgical Approaches 




Intraoral 


p. SO 


Extraorel 


p.K5 



Occlusion is lirst established by the appropriate means. The 
fracture is exposed, either immorally or extraorally. Note that, 
for intraoral plate application, a iranshuccul approach lor drill 
ing and screw application is necessary, Exposure is difficult 
because of the marked posterior position of the fracture. 



Reduction is carried out manually or with a bone-holding 
clamp Tins is generally accomplished by grasping the proxi- 
mal fragment and pulling it into reduction against the ante- 
rior fragment. 




FIG. 5-229 







(Optional) Reduction may he carried out using wire liga- 
tures prior to plate application, particularly if there is gapping 
anteriorly, in which case a tension band wire is placed anteri- 
orly and the plate is placed either centrally or posteriorly. 



FIG. 5-228 
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(Optional I A tension band tniniplale may he applied along 
the anterior portion of the fracture, generally using a four-hole 
plate. Hicorlical mews may he used in the thin bone here as 
long as CUE is taken to BVOid lite Inferior alveolar nerve. 



If a tension band tniniplale has been placed anleriorly, 
the second plate is placed posteriorly, again using al leasl a 
four-hole plate and sequential screw placement, using 
hicorlical screws. 








FIG. 5-230 



FIG. 5-232 



The wound is irrigated, drained, and closed. IMI- may now 
he released. 



II .i single nuniplalfl is used, it is best placed across the 
central portion of the fracture, taking care to avoiil the infe- 
rior alveolar nerve .it its entry point. Hicorlical screws may 
then be placed in the the thin bone. At leasl a four-hole plate 
should be used. Screws are placed sequentially. 




FIG. 5-231 
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COMl'RKSSION PLATE WITH OR WITHOUT A 

it nsion BAND PLATE 



Key Principles 


pp. 42.43,61.62 


Surgical Approaches 




Inlraoral 


p. 80 


Intraoral 


|, s.s 



Occlusion is first established by the appropriate means. The 
fracture is exposed* cither immorally oreslraorally. Nolo thai, 
for intraoral plate application, a transbuccal approach lor drill- 
ing and screw application is necessary. Exposure is difficult 
because of the marked posterior position of the fracture. 




(Optional) A tension band plate may he placed anteriorly. 
A four-hole miniplate can be used. This is applied along Ihc 
anterior portion of the fracture, generally using a four-hole 
plate. Hicorlical screws may be used in the thin bone here as 
long as care is taken to avoid the inferior alveolar nerve 




FIG. 5-233 



FIG. 5-234 



Alternatively, a two- or four-hole compression plate 
may be applied anteriorly instead of Ihc miniplate. Hicor- 
lical screws arc used, placing two screws eccentrically 
away from Ihc fracture for compression. Additional 
screws, il any, arc placed neutrally. 



Reduction is carried out manually or wilh a bone-holding 
clamp. This is generally accomplished by grasping the proxi- 
mal fragment and pulling it into reduction against the .inte- 
rior fragmcni. 

(Optional I Reduction may be carried out by using wire liga- 
tures prior to plate application, particularly if there is gapping 
anteriorly, in which case, a tension band wire is placed anteri- 
orly and the plate is placed either centrally or posteriorly. 




FIG. 5-235 
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If a single plate is used, n is applied centrally when 
possible, particularly if no tension band plate or wire is 
present and there is gapping anteriorly. This increase-, the 
stability of the fixation. The plate is carefully bent to the 
mandibular contour (an intervening template is general I) 
Uted) The first two bicortical screws are eccentrically 
placed away from the fracture for compression. The re- 
maining screws arc placed neutrally. 




1 1 a tension band plate has been placed anteriorly, the com- 
pression plate is placed posteriorly. It is carefully bent to the 
mandibular contour (an intervening template is generally 
used). The first two bicortical screws are eccentrically placed 
away from the fracture for compression. The remaining screws 
are placed neutrally. 




FIG. 5-237 



FIG. 5-236 



The wound is irrigated, drained, and closed. IMF may now 
be removed. 
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MANDIBULAR RECONSTRUCTION PLATE 
WITH OR WITHOUT A TENSION BAND PLATE 



i Key Principles 




PI 
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Surgical Approai 


hes 








Intraoral 
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Nil 




Extraoral 
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85 





Occlusion is first established by lite appropriate means. The 

Fracture is exposed, either intraorally or extraorally, Nine that 
for intraoral plate application, a transbuccal approach lor drill- 
ing and screw application is necessary. Exposure is difficult 
because of ihe marked posterior posilion of ihe fracture. 




FIG. 5-238 



Reduction is carried out manually or with a bone-holding 
clamp. This is generally accomplished by grasping Ihe proxi- 
mal fragmeni and pulling u into reduction against the ante- 
rior fragment. 

(Optional ) Reduction may be carried out using wire liga- 
tures prior to plale application, particularly if there is gap- 
ping anteriorly, in "huh use. a tension band wire is placed 
anteriorly. The plale is placed posteriorly. 



(Optional) A tension band plate may be placed anteriorly. 
A four-hole mimplate can be used. This is applied along Ihe 
anterior portion of the fracture, generally using a four-hole 
plale. Bicortical screws may be used in the thin bone here as 
long as care is taken to avoid the inferior alveolar nerve. 




FIG. 5-239 



Alternatively, a two- or four-hole compression plate 
may be applied anteriorly instead ol the minipl.ite Bicor- 

lical screws are used, placing two eccentrically away from 

the fracture foi compression. Additional screws, if any. 
are placed neutrally. 




FIG. 5-240 
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The mandibular reconstruction plate is now applied by 
using at least a six-hole plate. It is placed posteriorly to allow 
lor placement ot at least three or lour screws on each side of 

the fracture. The plate provides enough stabilization so that it 

can be placed posteriorly in the absence of a tension band. 

A template is bent to the mandibular contour. The plate is 
carefully bent to match the template and. ultimately, the man 
dihle Note thai bending can be difficult, and prebent plates 
may be helpful. 

II' some form of tension band has been placed, the first 
two bicortical screws are placed eccentrically away from the 
fracture to compress the fragments together. Remaining 
bicortical screws are placed neutrally. 




If only the mandibular reconstruction plate is used with- 
out .inierinr fixation, all bicortical screws should he placed 
neutrally to avoid distraction of the anterior portion of 
the fracture. Care is taken to avoid injury to the inferior 
alveolar nerve. 




FIG. 5-242 



The wound is irrigated, drained, and closed IMF maj now 

be removed. 



FIG. 5-241 



CHAPTER 9 

Ramus: Vertical Fractures 
(Dentulous or Edentulous) 



An arch bar cannot serve U 11 tension hand in lliis region 
because the fraclure is behind llie denliiion. Therefore, dis- 
tinction is not made between the dentulous and the edentu- 
lous mandible. However, the use of inlraoperalive IMF is still 
recommended to maintain the proper occlusal relationship. 
Note also that the mandibular ramus is thin and difficult to 
access. Finally, il should be noted that a true vertical ramus 
fraclure separates the siibcondylar and angle region from the 
remaining mandible. If Ihc coronoid is separated, il is a 
coronotd process fracture, and it live fracture passes through 
the notch and posteriorly above the angle, it is actually a low 
subcondylar fracture. 

MINIIM.ATF.S 



Key Principles 


pp. 42. 61 


Surgical Approaches 




Intraoral 


p. 80 


Extraoral 


p. 85 



Occlusion is firsl established by the appropriate means. The 
fracture is exposed, either intraorally or extraorally. Note that, 
for intraoral plate application, a Iransbuccal approach for drill- 
ing and screw application is necessary. Exposing is difficult 
because of the marked posterior position of the fraclure. 



Reduction is earned out manually or with a hone-holding 
clamp. This is generally accomplished by grasping the proxi- 
mal fragment and pulling it into reduction against the ante 
rior fragment. It is important to maintain the condylar posi- 
tion in the glenoid fossa 




FIG. 5-243 
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An appropriate miniplatt is selected ;\iul bent, positioning 
ii above the anlilingulur prominence. At least a four-hole plale 
is used Plate application is completed using either 

monocortieal or biconical screws: these are placed sequen- 
tially. Bicortical screws can be safely used here and add 
strength to the fixation. 




FIG. 5-244 



\ tecond tnmipuue is selected and bent, positioning it 

below the anlilingular prominence. Monocortieal screws arc 
placed, using al least two screws on each side of the fracture. 
It the plate is placed so that it is clearly below the inferior 
alveolar nerve, then bicortical screws may he used. 



(Optional) II there is enough access, the first miniplate 
may be placed high enough to allow placement of both 
miniplates above the antilingular prominence. 




FIG. 5-246 



The wound is irrigated, drained, and closed. IMF" may now 
be removed. 




FIG. 5-245 
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TENSION BAND PI-ATE AND COMPRESSION 
PLATE 



Key Principles 


pp. 42. 43. 61, 62 


Surgical Approaches 




Intraoral 


p. 80 


nuraoral 


p. 85 



Occlusion is firsl established hy the appropriate means. The 
fracture is exposed, either immorally or extraorally. Note that 
for intraoral plate application, a traiishuccal approach for drill- 
ing and screw application is necessary. Exposure is difficult 
because of the marked posterior position of the fracture. 

Reduction is earned out manually or with a bone-holding 
clamp. This is generally accomplished hy grasping the proxi- 
mal fragment and pulling it into reduction against the ante- 
rior fragment It is important to maintain the condylar posi- 
tion in the glenoid fossa. 




FIG. 5-247 



(Option 1 1 An appropriate miniplalc is selected and bent, 
positioning it above the anlilingular prominence, using at least 
a four-hole plate. 

Plate application is completed by using either mono- 
Cordcal or bicortical screws; these are placed sequentially. 
Bicortical screws can he safely used here and add strength to 

tin fixation. 




FIG. 5-248 



(Option 2) A compression plate may be placed superiorly 
across the fracture so long as it is placed above the level of 
the lingula. A template is bent, and the plate is bent to match 
the template and then the mandible. The plate is held in posi- 
tion, and two bicortical compression screws are eccentrically 
placed to produce compression across the fracture. If a four- 
hole plate has been used, the remaining bicortical screws arc 
placed neutrally. 




FIG. 5-249 



A compression plate is now positioned across the fracture 
site below the level of the inferior alveolar nerve. At least 
two link's inusi be placed behind Ihe li tctun, lid Ollgh three 
are preferable in the thin bone. A template is generally bent 
to the mandibular contour, and the plate is then bent to match 
the shape of the template and. ultimately, the bone. 
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I'lu- plate is then positioned, held in place, and applied. 

The Rrsl iwo hicortical strews arc plated ccccnlrically away 

from die Fracture to produce compression because a lension 

hand place has been applied. The remaining bicoriital screws 
arc placed neutrally. 







FIG. 5-250 



The wound is irrigated, drained, and closed. IMF may now 
he i e moved. 
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MANDIBULAR RECONSTRUCTION PLATE 
WITH OR WITHOUT A TENSION BAND PLATE 



Key Principles 
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Surgical Appro* 
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Extraoral 
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OilIiimoii is first established by the appropriate moans, I'hc 
fracture is exposed, either immorally or extraorally. Noie thai. 

for imr.ior.il pfaue application, a mnsbuccal approach for drill- 
ing and screw application is necessary. Exposure is difficult 
because ol the marked posterior position of the fracture. 

Reduction is carried out manually or with a hone-holding 
clamp This is generally accomplished hy grasping the proxi- 
mal fragment and pulling il into reduction against the ante- 
rior fragment. It is important to maintain the condylar posi- 
tion in the glenoid fossa. 




FIG. 5-251 



(Optional) An appropriate mtniplaic is selected and bent, 
positioning il above the anlilingular prominence At least a 
four-hole plate is used. Plate application is completed, using 
either motiocortical or bicortical screws; these are placed se- 
quentially. Bieortical screws can be safely used here and add 

strength to the fixation. 




FIG. 5-252 



(Optional I A compression plate may be placed superiorly 
across the fracture, so long as it is placed above the level of 
the lingula. A template is bent, and the plate is bent to match 
the template and then the mandible. The plate is held in posi- 
tion, and two bicortical compression screws arc eccentrically 

placed lo produce compression across tlie fracture. If a four- 
hole plate has been used, the remaining bicortical screws are 
placed neutrally 




FIG. 5-253 



The mandibular reconstruction plate is now applied by 
using at least a sis-hole plate It is placed posteriorly to allow 
for placement of at least three in tour screws on each side ol 
the fracture. The plate provides enough Stabilization so that it 
can be placed posteriorly in the absence of a (elision hand. A 

template is bent lo the mandibular contour. The plate is care- 
full) bent lo match the template and. ultimately, the man- 
dible. Note that bending can be difficult, and prel>enl plates 
tnaj be helpful. 
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li \ome form of lension band has been placed, die first 

iwo bicortical screws are placed eccentrically away (nun ihe 
fracture to compress the fragments together. The remaining 

bicortical screws are placed neutrally. 



If only the mandibular reconstruction plate is used, all 

bicortical screws are placed neutrally, ("are is taken In avoid 
injury in the inferior alveolar nerve. 





FIG. 5-254 



FIG. 5-255 



The wound is irrigated, drained, and closed. IMI- may now 

be removed. 






CHAPTER 1 



Subcondylar Fractures 



The frequency with which subcondylar fractures arc opened 
varies (Iraiiinliciilly. depending on Ihe philosophy of Ihc sur- 
geon and ihe area in which he or she practices. Our alias il- 
lustrates ihe techniques involved. Whether to open and 
whether to use plates, however, are the surgeon's decisions. 
Intraoperative I Ml-' is recommended to ensure Ihe mainte- 
nance of the proper occlusal relationship. 

MINII'LATK 



Kcv Principles 


p. 61 


Surgical Approaches 




Intraoral 


p. 80 


Ext moral 


p. 85 



Occlusion is lirsi established hy [he appropriate means. Hie 
fracture is exposed, cither inlraorully or exlraorally. Note that, 
for intraoral plate application, a iransbuccal approach for drill- 
ing and screw application is necessary. Immoral exposure and 
plate application are technically difficult. The fracture frag- 
ments are manually reduced. 

i( Ipiionah A wire ligature may he applied in slahili/e ihe 

fragments prior io pining. The plaie is bem and then applied 

to the supennn condylarl fragment, using at least two screws. 
ii-.li.iII> biconical. 



With the Fracture reduced, the screws are then placed in 
Ihe inferior fragment, using ai leasi two screws. BiCOttical 
screws may he used here. ( If a wire has been used, il may be 
left in place or removed. J 




FIG. 5-257 



I he wound is irrigated, drained, and closed. IMF may now 
he released. 




FIG. 5-256 
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COMPRESSION PLATE 



Key Principles 


p. 62 


Surgical Approaches 




Intraoral 


p, BO 


Extmoral 


p. 85 



NOTE: \ compression /•'""■ technique it ma advised if the 
/•loir extends superiorly onto the condylar pra i >> 

Occlusion is first established by the appropriate means. 

The fracture is exposed, eilher inlraorally or cxlraorally. Note 
that, toi intraoral plate application, a lranshutt.il approach 
lor drilling and screw application is necessary. Intraoral ex- 
posure and plate application are technically difficult The frac- 
ture fragments are manually reduced A wire ligature may he 
applied 10 stabilize the fragments prior lo plating. 

A template is positioned over the reduced fragments, and 
the plate is Ik.mii to mate h the template and then the bone. The 
first bitortital compression screw is placed eccentrically aw ay 
from the fracture in the condylar fragment. 

The second compression strew is placed eccentrically in 

Hie inferior fragment, both screws arc tightened, and com- 
pression is produced. 



Two remaining hicortical strews are placed neutrally, tlf 
a wire has been used, it may he left in plate or removed 




FIG. 5-259 

The wound is irrigated, drained, and closed. IMP may now 

be released. 




FIG. 5-258 



CHAPTER 1 1 

Oblique (Overlapping) Fractures: 
Overlapping Fragments 



Whenever fragments overlap so thai the edges of ihc frag- 
ments cannot abut against one another, axial compres- 
sion works to cause overlap and displacement of the frag- 
ments, rather than resulting in reduction, realignment. 
and interfragmentary compression and stability. A lag 
screw technique is therefore used to compress the frag- 
ments together in proper position. 








i 



FIG. 5-260 



2. The diameter of the gliding hole should he the diameter 
of the screw thread so lh.it the screw thread does not catch, 
but il holds the bone in position without excessive play 
or wobble. The threaded hole should be the si/e of the 
screw shaft The screw sizes vary from system to sys- 
tem: therefore, the reader must he familiar with the speci- 
fications ol the system being used. 




3, Scleral lag screws generally are adequate to reduce a 
fracture. 




FIG. 5-262 



However, if desired and feasible or if llie amounl of overlap- 
ping bone is inadequate 10 accept more than one or two lag 
-crews. ,i plate should be used for added strength of repair. 




FIG. 5-263 



FIG. 5-261 
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FIG. 5-264 



The following caveats .ire important. 

1. Any screw placed through overlapping fragments 
I whether through a plate or not) must he placed as a lag 
screw, or it will cau.se distraction Of the fragments 

2. When lag screws and uonlag screws are placed through 
a plate, the lag screws should be placed first to compress 
the fracture fragments together. 

3. Any screws placed through the plate thai are not lag 
screws (i.e.. they pass through only one fragment) must 
he placed neutrally, 10 avoid pressure on the lag screws. 
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LAG SCREW 

Occlusion is tii si established by the appropriate means. 
The fracture is exposed, either inlraorally orexlraorally. 
Null- ili.it. lor fractures behind the midhody of the man- 
dible, transbuccal placement of screws is necessary, if 
an intraoral approach is used. 



The first hole is drilled with a drill bit that is the size of the 
scr'w to be used t frequently, u 2.7-mm drill bit). Be sure to 
stop before entering the second fragment. 








FIG. 5-265 



The overlapping fragments are reduced and compressed 
together With modified towel clips Ol hone clamps. The use 
ol reduction forceps is not advised because the forceps tend 
localise overriding of the fragments. 



FIG. 5-267 



1 1' available, a drill sleeve is placed into the hole in the first 

cortex. Using s drill bit the size of the screw shaft (frequently, 

2.0 mini, a hole is drilled through Ihe second fragment, 





FIG. 5-268 



FIG. 5-266 
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A countersink is used in enlarge the opening of the proxi- 
mal drill hole for heller sealing of ihe screw head. The depth 
of UK hole is measured wiih a deplh gauge. Make certain lhal 
bulh fragmenis are included. When a nonsclf-lapping s> stem 
is used. Ihe hole (in Ihe second cortex) is lapped with an ap- 
propriate lap (frequently, 2.7 mini. 

An appropriate screw (frequently. 2.7 mini i length as pre- 

\ iousIv measured) is placed and lightened. 



A second screw is placed generallv al a slightly different 
angle across ihe fracture n\ repealing the same technique for 
lug screw placement. The hone clamp is then removed. 

In ihe edentulous mandible, when mandibular height is 

adequate, one in iwo lag screws can he placed above Ihe in- 
ferior alveolar nerve. 

A third lag screw is placed, and if there is enough bone 
available, a fourth. 





FIG. 5-270 



The wound is ungated, drained, and closed. IMI- ma> now 
be released. 



FIG. 5-269 
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LAC SCREW AND PLATE 

NOTE: II hen a lag screw is plat *tl through a plate huh-, the 
icreM is generally not perpendicular to the plate Thedegree 
of angulation possible without jeopardising stability varies 
depending on the plate-hole design. Because designs are 
modified frequently, the reader is urged to obtain these spet i 
In ationsfrom ///»■ ntanufat turer 

Occlusion is firsi established by the appropriate moans. 
I tu- Fracture Is exposed, either intraorally or extraorully. Note 
ihat, Foi fractures behind the midbody ol ilie mandible, 
uansbuccal placemenl of screws is necessary ii an intraoral 
approach is used. The overlapping fragments are reduced and 
compressed together with modified towel clips 01 bone 
clamps. I in' position lor plate placemenl is determined 

II adequate bone is available, a lag screw may be placed 
above 01 below the plate in stabilize and compress die frag- 
menls prior lo plate placemenl. If so. this is accomplished by 
following the steps in the earlier section. 




thai is the size of the screw thread is used. Be sure lo slop 

before entering the second Fragment If available, adrill sleeve 
i- placed into the hole. The second cortex is now drilled, us- 
nii! . i dull i>u the size oTihe screw shall. Die depth of the hole 
is measured w iiti a depth gauge Make certain that hoth frag- 
ments are included. When a nonself-tapping s\stcui is used. 
Ilie hole Ithc second cortex) is lapped wild .1 tap ilie size ol 

die screw thread. 

A screw ol the appropriate size (length as previous!) mea 

sured) is placed and lightened. 




FIG. 5-272 

11 another plate hole overlies die overlapping fragments, 

ihen another lag screw is placed, repealing these steps. 

'Ilie remaining screws. ne placed neutrally "' the nonover- 
lapping areas. 




FIG. 5-271 



FIG. 5-273 



The wound is irrigated, drained, andiloscd I VII ma> now 
be released 



When the area ol hony overlap is limited, the plate is posi- 
tioned so thai al least one screw hole overlies die overlapping 
area and there are al least iwo screws in each fragment. The 
firsl hole is drilled through the plate hole, using the direction 
and angle appropriate for (he overlapping aiea A drill hit 



CHAPTER 12 



Comminuted Fractures 



The variety of possible fractures .mil fracture combinations 

is large. Therefore, a few representative samples are shown 
iii this section illustrating some of the repair techniques Hie 
reader should he ahle to extrapolate from these examples lor 
application to other situations that may he encountered. Strict 
adherence to the principles of rigid fixation it is hoped should 
minimize Complications and increase the likelihood of a sue 
ccsslul repair and satisfactory outcome. 

Complex comminuted fractures may require the combi- 
nation of multiple iechiiu|ues. many of which have been pre- 
viously illustrated. These techniques are not repeated in this 
section. 



The fractured area is exposed either intr.ior.illy or extra- 
orally, for extensive injuries, the cxtiaoral approach gener- 
al!) provides greater access and minimizes the likelihood of 
inferior alveolar nerve injury. 

Small fragments may be compressed together between 
larger mandibular segments either with a long compression 
plate or a mandibular reconstruction plate. Compression 
screws are applied on either side ol the comminuted area, 
generally in the holes closest to this area. 

The remaining screws in the two solid fragments are 
placed neutrally. 



SMALL AREA or COMMINUTION 

\. in other situations, occlusion is first established to what- 
ever extent is possible and by whatever means is most suitable. 




FIG. 5-274 




FIG. 5-275 



Because areas ol comminution provide little structural 
support, it is wise to consider these detect areas. Therefore, 
whenever possible, al least three hicw- should lie placed ifl 
the supporting fragments on either side of such an area. This 
is even more important Mfhetl compression is not possible. 

Small fragments may be fixed directly to the plate with 
neutrally placed screws. This increases the Stability ol the 
fixation. However, when properly compressed between the 
surrounding solid segments, this may not be necessary. 

The wound is irrigated, drained, anil closed. IMI may now 
be released il Stabilit) is satisfactory. 
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LARGE AREA Ol C» >MM I NUTION 

•\s m other situations, occlusion is first established 10 what- 
ever extent is possible and by whatever means is most suit- 
able. The fractured area is exposed, either intraoral!) i>t 

extrnorally. For extensive injuries, the extraoral approach 
generally provide) greater access ami minimizes the likeli- 

bood tit mieiior nlveoku nerve injury, 




FIG. 5-276 
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An area of significant comminution provides little struc- 
tural integrity fur mandibular support and Should be viewed 

as a delect area. This should he bridged with a mandibular 

reconstruction plate with at least three or lour screws in the 

solid bone tm each side ol the comminuted area 

Small fragments may be fixed directly to the plate With 
neutrally placed screws. This increases the stability Ol tin- 
fixation. However, if they can be compressed between the 
sin rounding solid segments, this may not be necessary. 

Small Fragments are sometimes wired or fixed with 
miniplales to neighboring fragments. 




FIG. 5-277 



Areas of hone loss may he grafted primarily or second 
anl\ isee Unit 41. 

The wound is Irrigated, drained and . losed. I Ml-' may he 



released if slabilily is satisfactory. 
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CHAPTER 1 



Traumatic Defects 



The most difficult aspect of repairing mandibular delects 

is thai it is hard 10 reestablish the precise occlusal rela- 
tionship when segments of bone have been lost, Nonethe- 
less, every attempt should he made to reestablish the 
premorbid occlusion by using arch bars and wires. Loose 
teeth should not he extracted until after rigid fixation has 
been accomplished because the) may provide the onlj 
frame of reference available. 

Rigid fixation allows For the primary rcconsiitution of the 
hard structure architecture, whether soft tissue is present or 

absent, and whether n i> repaired primaril) 01 secondarily, 

TECHNIQUE 

Occlusion is reestablished as well as possible. The bone I rag 
nienls are manually positioned as closely as possible lo what 
i> believed to be the premorbid position. They are held in this 
position VI hile a template is positioned and bent to match the 
deled so that il overlaps both remaining solid fragments. 
Smaller floating fragments m Ihe delect are unimportant at 
this time. 




FIG. 6-1 



A mandibular reconstruction plate is bent to match the tern 
plate. It is important lo plan for at least three screws through 
the plate into the solid remaining hone on each side of Ihe 
defect. However, lour or even live SCteWt on each side will 
increase the stability ol the fixation. 

The wound is debrided and cleansed, and the plate is ap- 
plied along the interior border of tlie mandible, placing all 
screws neutrally through both cortices. In this situation, il is 
recommended lhat a 2.7-mm or larger screw be used. 




FIG. 6-2 



Small devitalized bone fragments should be debrided. 
Larger fragments and fragments v. nh periosteum still attached 
should be fixed lo neighboring bone fragments if adjacent, 
Otherwise, they can be fixed directly lo the plate. Fragments 
that cannot be stabilized should be debrided. 

(Optional 1 Soli or hard tissue may be brought in to repair 
any defective area, although whether lo do so acutely and the 

type oi tissue transfer (i.e., toft tissue versus soft and hard 

tissue and pedicled versus free llapsi remain controversial. Il 
is beyond Ihe scope of this atlas 

Closure to whatever extent is feasible is completed, II -at 
isfactory rigid fixation has been accomplished, there is no 
need lo leave the patient in intermaxillary fixation (IMFl. In 
fact, removing IMI- is preferable 
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CHAPTER 2 



Oncologic Defects 



Whether performing a mandibular osteotomy for access (such 
as Ihc mandibular swing operation) or resecling a significant 
portion of die mandible as pari of Ihc lumor reseciion. ihc 
basic principle is ihc same. Thai is, a portion of mandible has 
been resected (in lite swing operation, it may he as little as 
the width of the saw blade}, and a strong fixation appliance. 
generally a mandibular reconstruction plate (MRP), is indi- 
cated if rigid fixation is to be accomplished. (Compression 
fixation after osteotomy may he ill-advised because it alters 
the bony relationship by compressing BCT0S9 a gap. albeit a 
small gap. and this also has the potential of stressing the tem- 
poi. (mandibular joinls.) Many approaches have been advo- 
cated lor stabilization of the remaining mandibular segments. 
I lit approach believed by the authors to he the most depend 
able is dial ofprcappiication of the MRP. This technique brings 
the bone segments into Ihc precise relationship thai dies were 
in prior to the ablative surgery. Condylar position is thereby 
maintained, and when teeth an- present. Occlusion is also mam 
tained. A stable fixation, i.e.. using at least three or four screw s 
on each side of the delect (osteotomy) obviates Ihc need for 

arch ben ami I Ml-'. 

Finally, a stable fixation, such as that achieved by using 
more than four screws on each side of the defect, decreases 
the likelihood of failure in the presence of previously radi- 
ated or vel to be radiated hone When radiation lias been e.ivcn 

or is contemplated, the use ol a titanium hollow screw recon- 
struction plate rniKI'i is recommended. 

Most resections do not include the condyle. Therefore, most 
can he repaired b) using a standard mandibular reconstruc- 
tion plate, although occasionally, only two screws can he 
placed into die small superior remnant. In this situation, the 
II IRP provides the mosl stable plate repair. 

When the cornhle is resected, several options for repair 
arc available. 

I Ihc hesl selection is prohahl) Ihc free vascularized 
bone flap. 

'. Plates uilh condylar heads allachcd arc available. Ap- 
plying ilicin may seem easy, particularly because ihey 

arc only screwed mio die lione on one side: however, 
occlusal shifts and glenoid loss.i erosion may result. Tlics 
■ire currently used infrequently, and no specific discus- 
sion ot this technique is presented. 

i \ , . isle vhondral graft may he lived in Ihc Upper portion of 
a plate If (his technique is selected, il is wise lo use a TIIRP. 



PLATE RKPAIK 

NOTE: I his sei linn pertains lo primary rigid fixation fl the 

osteotomy ■■> defri i with a plate only. No bone grofl ■» bone 
Pap is performed « ah this approach. 

Radical neck dissection has been completed, and the area Ol 
resection has been defined. I For osteotomies, the width ol 
die saw blade will be considered to be (Ik- resection area.) 

(Optional I When resecting a large area, the outer corlev 
along the inferior border may lie thinned with a burr lo one 
plate depth. This allows positioning of the plate into this de- 
lect rather than having it overlie the) outer cortex, The final 
plate position alter resection ami reconstruction dm*, leaves 
the plate in an area previously occupied by the bone in the 
resected area, ralher than lateral lo il. This will decrease the 
siress on Ihc overlying skin flap. 




FIG. 6-3 
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A template is bent to lit over the outer cortex of ihc man 
dibit inferiorly. Make sure thai ai least four screw holes I « hen 
possible) overlap the solid bone on each side. 

The plate is carefully bent to match the template. (When 
Using a TIIKI'. inserts are placed in the holes to prevent dis- 
tortion during bending.) Final bending is matched directly to 
the bone, A plate-holding forceps stabilizes the plate to the 

hone. 

Two neutral screws are placed on each side of the planned 
area ot resection. This defines the plate and DOM relationship. 




The plate is now positioned so that the plate holes overlap 
the pre* iously used holes in the exact same position I'he fOUl 

screws are replaced into their original holes This recreates 
the mandibular contour and condylar positions. 

The remaining screws are placed neutrally, thereby com- 
pleting the fixation. 




FIG. 6-5 



FIG. 6-4 



The wound is irrigated, drained, and i losed 



These screws are then removed, carefully identifying them, 
so that, when they are replaced later, each screw is returned 
to the hone hole in which n had been previously placed. It is 
also important to mark the plate holes carefully because the 
plate can be unwittingly lilted to the bone in a different posi- 
tion after the resection lias been carried out. 

The resection is completed. The oral cavity soli tissue is 
reconstructed as needed 

(Optional] The plate may simply overlie a primary, mil 
cosal repair. However, a Hup is frequently used 10 repair the 
oral cavity. In this case, the plate may pass over, under, or 
through the pedicle. When a free myoculaneous flap is used 
(e.g., the rectus myoculaneous free flap), the muscle may be 
wrapped around the plate without compromising Ihe Mood 
suppl) to the flap. Care should be taken to avoid compress- 
ing 01 otherw ise damaging Ihe Hap vessels when placing Ihe 
plaie. If Ihe plate is tunneled through Ihc muscle pedk le ■ c.e . . 
when using a pecloralis major myoculaneous flap), a Kelly 
C lamp is carefully passed through the muscle and a 1/2-inch 
Penrose drain is brought back through, The plate is ihen passed 
through the rubber drain. The drain is then removed, leaving 
the plate comfortably, in the surrounding muscle. 
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BONE FLAP AND PLATE 

When .1 bone flap is used, the bone is revasculurized and is 

therefore living. Therefore, ihis no longer represents a bony 
delect Kalher. ihis functions as Iwo fraelure sues. Because 
the bone is alive, screws can he placed safely in it. and it can 

also he compressed, rime approaches are therefore possible. 

1. The technique described earlier in which the MRP is 
preapplied prior to the resection can be used The hone 
flap can be contoured precisely to the deled. It can be 

placed into the defect before or after the MRP has been 
repositioned, depending on the surgeon's preference, and 

taking care to avoid any injury to its attachment to any 
soil tissue being used for reconstruction. The preexist- 
ing holes can still be utilized, thereby reestablishing the 

preexisting relationship ol the mandibular stumps. Screws 

are then placed through the plate into the hone flap, 
thereby fixing the bone flap rigidly to the plate, and thus 
also fixing it rigidly relative to the surrounding mandibu- 
lar bone stumps. 

2. As an alternative, the precisely contoured bone Map nut) 

It liwl in Hie htinc Mumps by using compression plates 

oi mlnfplates. in this approach, the imhk- tijp is designed 
to replace the rese c ted hone as precisely as possible. The 
flap is positioned between the stumps, so that the defect 
is completely bridged. This leaves two sites to repair that 
are similar to osteotomy sites without a gap. these arc 
I hen fixed with compression plates, nuniplates. or a com- 
bination approach, as described in I nil 5. For depend- 
able stabilization, at least two miniplalcs lif a mmiplate 
technique is used) oral least a six-hole compression plate 

lila compression plate technique is used) should be Used. 
For safer stabilization, a mmiplate and a compression 
i»l a.- nr ii MRP may H«' us... I 




FIG. 6-6 



Note that, using this approach, despite excellent eon- 
touring, because a MRP has nol been preapplied. the stump 

positions may be altered. This can change occlusal rela- 
tionships and condylar positions. In the presence ol teeth, 
it may therefore be advisable to place the patient in IMF 
during the procedure. 

3. The bone flap can be designed to overlap the slumps par- 
tially on each end. Lag screws can then he used 10 fix the 
flap to the underlying mandibular stumps. This is de- 
scribed in the section on bone grails 




FIG. 6-7 



CHAPTER 3 

Bone Grafts 



Unlike .1 hone Hap. which is vascularized land therefore 
■live), .1 bone graft is deprived of its blood supply when II is 
harvested, and this blood supply is noi reestablished al (he 
lime of graft placemeni ( in contradistinction to the hone flap). 
Therefore, placement of a screw into ti cortical bone graft is 
not recommended, unless the screw is otherwise stabilized 
(either to underlying living bone 01 to a I IIKI'i because the 

likely resorption of some of the bone frequently leads to screw 
loosening. This will result in a free-floating foreign body 
willi a resultant high likelihood of infection and graft fail- 
ure. However, if the strew is fixed either to living bone cm [o 
.■ | a. ue (as can be aceompUslied with Un rHRPj, ilwn rigid 
stabilization should increase the likelihood ol graft 
revascularization and survival. 

The choice ol the graft type and donor site is up to the 
surgeon's discretion. (The reader is referred to Unit 4 for the 
harvesting technique.) The mandible can be reconstructed by 
using cancellous hone or a cortical bone grail (usually 
corticocantellousi. The use of Kays is nol currently recom- 
mended by the authors and will nol be discussed. 



CANCELLOUS BONE 

The area to he reconstructed is exposed either Intraorfllly or 

extraoriilly. In some cases (e.g.. prior tumor resection with 
primary plate reconstruction), a mandibular reconstruction 
plate is already in place bridging the defect. In others (e.g.. 
osteomyelitis), the defect ana is stabilized and bridged dur- 
ing (he same procedure. In this latter situation, the healthy 
mandibular segments are carefully positioned so thai proper 
occlusion is established lh\ using IMI-i and ihe ramus and 
condy lar positions are correct. A template is bcnl, and a MRP 
is ik.-iii. |» .sin.. i mi. .inu applied b) using ->i letui ilrov "• row 
neulr.il screws on each side ol Ihe defect. 
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FIG. 6-8A and B 



A sofi tissue pockei is created under die plate. 
( laticellous bone is harvested from the iliac crest. The soli 
tissue pockei under the plate is packed with cancellous bone. 

He sure to overfill the space available 



I'he soli nssue pockei is closed as much as possible, and 
the wound is irrigated, drained, and closed. II IMF was needed, 
il is released. 
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CORTICAL BONE 

Tin' area to he reconstmcled is exposed, cilher immorally or 
cxtraorally. In some eases (e.g.. prior lumor resection with 
primary plate reconstruction), a MRP is already in place bridg 

ing ihe defect A cortical (preferably corticocancellous) graft 

is harvested and contoured lo ihe defect. 




FIG. 6-9 



Mil MRP was usi-.l. additional hollow screws should he 
placed Into Ihe hone gnfl and fixed lo ihe plale with Ihe ex- 
pansion screws. If another type Of MRP was used, then place- 
menl of screw s into ihe grafl is mil advised, allhough this is a 
controversial issue. 

It (he defect has not been bridged previously (e.g.. 
Osteomyelitis or secondary lumor reconstruction), then sev- 
eral options are available First, ol course, ihe propel posi- 
tioning of ihe remaining segments is essential. Occlusion 
should he reestablished (using IMPi. and ihe vertical rami 
and condyles should be posilioned neulrally. Reconstruction 
can now in- performed, 

Tile oplions include ihe following. 

I. \ MRP. preferably a TURK can he bcnl to shape ami 
applied lo slahili/e Ihe posiuoii of the fragments, using 
.11 leasl three or four screws on each side of Ihe defect 
The grafl is carefully contoured to fit Ihe deled (see Fig, 
"I. (II a THRPis used, additional hollow screws may he 
placed into Ihe graft and fixed lo ihe plate with Ihe ex- 
pansion screws.) If possible, Ihe corlical grafl may be 
wedged tightly between the mandibular fragments. This 
Offers some stability without the placement of screws 
through ihe grafl. 



Another alternative is to shape ihe graft so that a portion 

, ". .1 Lips the solid hone on each end. Generally, the over- 
lapping portion of the grafl is thinned or cut out so that 
the shape stabilizes the bone position, i.e.. the graft bone 
overlapping the solid mandible hone is thinned so thai 
ihe end of ihe solid mandible abuts against the thicker 
portion of the bone dike a lap joint). Lag screws are Ihen 
placed through die graft into the inaudible so thai the 
gliding hole is in the graft. This rigidly stabilizes the grafl 
lo the mandibular hone 




FIG. 6-10 



The soft tissue is closed, and Ihe wound is irrigated, 
drained, and closed. If IMF was needed, it is now released. 

Pill'all: The use of miniplales or compression plates with ,t 
conical bone grafl (nonvascularized) is nol recommended. 

The risks of screw loosening anil infection are considered lo 
be high. 
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COSTOCHONDRAL RAMUS/CONDYLAR 
RECONSTRUCTION 



Key Principles 
Surgical Approach 



pp. 50-56 
pp. 8J 86 



Occlusion should he established using IMF. The exposure of 
ihe ramus anil tcmporomandihular joint is achieved, extend- 
ing from the angle lo Ihe glenoid fossa In using an external 
approach. A preauricular approach may be used, or a Risdon 
(submandibular) approach may suffice. In either case, greal 
care is needed lo avoid injury lo ihe facial nerve. After har- 
vesting and preparing ihe costochondral graft, it i.s placed in 
position, with the mandible in a neutral position (the patient 
is in IMF), 

The graft is secured from below with a bone clamp or 




FIG. 6-11 



modified towel clip. 

I ag screws (sometimes through a plate, although ihis is 
optional) are used lo secure Ihe graft. A gliding hole (gener- 
ally, 2.7 nun i is drilled in the vertical ramus through the graft. 
Nest i hole lo he threaded (generally. 2.(1 mini is drilled in 
Ihe vertkal ramus through Ihe gliding hole. The depth is mea- 



sured. He sun- lo c atch the deepest cones with the depth gauge. 
(If needed, the hole is lapped. (The approp r i ate-length siren 
is inserted and lightened. At leasl two screws are placed, al- 




FIG. 6-12 



though three or four screws are preferable 

If a plate is used, il merely functions as a washer so ili.it 
the screw heads do not pull through the thin bony cortex. The 
screw s are passed through the plate holes and the gliding holes 
in ihe grail into ihe threaded holes in Ihe underlying ramus, 
i Ihe 2 O mm screws may be used through 8 mmiplate. In Ihis 
case. Ihe gliding holes are drilled with a 2.ll-mm drill, and the 
threaded holes are drilled with a 1.5-mm drill. I 

The decision as to whether to leave the patient in IMF or 
not is up in the discretion of the surgeon. 
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CHAPTER 1 

Genioplasty 

GENIOPI.ASTY PLATE 



Key Principles 

Surgical Approaches 



pp. 58-61 

p. 71 



After performing ihe osteotomy, the mobilized segment it 

repositioned and held in position with a bone clamp. An ap- 
propriate chin plate is selected, based on the predetermined 

amount of advancement 

The holes are .lulled in .i monocortical fashion, taking cure 
to place the holes more than 5 mm away from the roots of the 
■discern teetti. 




FIG. 7-1 



I'OSIIIO.NSCRI-W 



Key Principles 
Surgical Approaches 



p. 56 
p.7l 



After performing the osteotomy, the mobilized segment is 
repositioned and held in position with a bone clamp. The mid- 
line of the segment and Ihe mandible arc scored, and the screw 
position is marked on each side of the midline. 

The surgeon chooses a 2.0- or 2.7-mm diameter screw, 
according to personal preference. While (he segment is held 
in the correct position, a hole is drilled through the segment 
and the mandible corresponding to the core diameter of the 
SCRSW. Can- must lie taken to avoid the mandibular canal ami 
the tooth roots 

The depth of the hole is measured with the depth gauge. 
and a screw of appropriate length is inserted. The same pro- 
cedure is repeated on the opposite side. 




FIG. 7-2 
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CHAPTER 2 



Midline/Paramedian Osteotomy 



MINIPI.ATKS 



Key Principles pp. 58-61 

Surgii al Approaches p. 71 



MINICOMPRESSION PLATE/ 

NEUTRAL MINIPLATE 



The osteotomies are performed, and the segments are reposi- 

mined and held in plaee wilh splints and/or MMF (Maxillo- 
Mandibular Fixation). A hone clamp can aid in stabilizing 
the inferior segment. 

Two miniplaies, each at least four holes in length, are con 
toured to ihe buccal cortex. The firsi plate is placed at ihe 
inferior edge of the vertical osteotomy. The second is placed 

5 huh above the first but safel) belov* the tooth roots 

Monocortical holes are drilled, and screws are placed in ihe 

buccal cortex! 

Two additional miniplaies are placed across the hon/on- 

i.ii osteotomy in a monocortical fashion 




FIG. 7-3 



NOTE: If a vertical osteotomy aid) Is used, then rwo parallel 
miniplaies are plat cd inferior!): Tin- stability should be evalu- 
ated and additional fixation applied if net essary. 



Key Principles 

Surgical Approaches 



pp. 58-61,62 

p. 71 



The osteotomies are performed, and the segments .nv reposi- 
tioned and held in place with splints and/or MMF. A bone 
clamp can aid in stabilizing the inferior segment. 

A minicompression plate is contoured to the buccal COI 

lex at the vertical osteotomy sue; i mmofoverbendingatthe 

osteotomy is necessary to prevent lingual cortical splaying. 

K hole n drilled in il" - medial hole of the plate in on oceentrii 

fashion. Following screw placement, an eccentric hole is 
drilled in Ihe opposing medial hole ol the plate. A screw is 
placed, and compression is achieved when the screw is light 

encd. 

The two remaining lateral holes ate drilled iii the neutral 
position, and the screws are inserted. II the surgeon prefers to 
use a tension hand plate, then a four-hole minipliilc can he 

implanted S mm above ihe compression plate and well below 
the tooth roots. 

Iwo additional miniplaies are placed across the horizon- 
tal osteotome in a monocortical fashion 




FIG. 7-4 
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\OTI : : If a vertical osteotomy only h used, then ihe com- 
,"/. ssii "i plate is placed along the Inferior border, and the 
tension band mlniplate /s placed 5 mm above this plate. 



CHAPTER 3 



Sagittal Split Osteotomy 



CONDYLAR POSITIONING 



MINIPI.ATK 



An incision is made, exposing the ramus and angle. A second 
incision is made in Ihe maxillary vestibule, exposing (he lat- 
eral buttress. A long (.-Shaped plate is contoured to span the 
gap between the proximal segment and the lateral buttress. 
Monocortical holes are drilled in the proximal segment, and 
the screws are placed. The lateral buttress holes are drilled 
next and the screws are placed. This process is then repealed 
on Ihe contralateral side. 




FIG. 7-5 

The screws and plates arc removed from each side, and 
the osteotomy is performed. Alter securing the distal segment 
Info 'he new occlusion, the plates and screws are reapplied to 

each side pnor to ihe osteosynthesis. The condyle is now ori- 
ented in us presurgical position. 



Key Principles 
Surgical Approaches 



pp. 58-61 

p. 77 



Che Osteotomy has been performed, the distal segment is sia 
bilized iii iis new position, and the proximal segment is prop- 
erly positioned. The proximal and distal segments are brought 
into bone contact and secured. 

A miniplale is contoured 10 the surface ol the buccal cof- 
its, crossing iiis- osteotomy .ii the superloi aspect. 
MotHK'ortical holes are drilled, and the screws are inserted. 
making certain that at least two screws are placed on each 
side of the osteotomy. 

A second miniplate is contoured on the buccal cortex. The 
holes are drilled monocortically. and the screws are inserted. 




FIG. 7-6 



NOTE: Fixation of the sagittal split osteotomy " most i "■» 
rwmh secured with screw fixation techniques If plate fixa- 
tion Is "v./. the use ofMMF andlor elastics is <« fAe prefer- 
ence of ihe surgeon. 
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SCREW FIXATION 



Key Principles pp. SO S| > 

Surgical Approaches p. 77 



A second mclliod of screw placemen! is in place Iwo screws 
above anil one screw below the mandibular canal. 

A third method ot fixation uses ihree screws 1 2.0-nrm cli- 

ameler) placed along the superior border. 



Position Screw 

The osteotomy has been performed, the distal segmenl is Sta- 
bilized it' its new position, 'Hid the proximal segment is prop- 
erly positioned. The Iwo segments are brought into proper 
position and secured. 

A trocar is inserted through the skin of the cheek overly- 
ing the angle, and the lip is delivered inlo Ihe wound. A drill 
guide of appropriate diameter is inserted, and a hole is drilled 
through both segments above Ihe mandibular canal, lite depth 
is measured (lapped il necessary i. and the screw is inserted. 

Two more holes are drilled in an identical fashion below 
Ihe mandibular canal, and the screws are inserted. 





FIG. 7-8 



The position screw technique allows stable Fragment fixa- 
tion without compression of ihe segments. 



FIG. 7-7 




FIG. 7-9 






Lag Screw 

Dm Osteotomy has been performed. Ihe distal segment is sta- 
bilized in ils new position, and the proximal segmeni is prop- 
erly positioned. The proximal and disial segments are brought 

mil' dime contact and secured. 

A trocar is inserted through the skin ol the check overly- 
ing the angle, and the lip is delivered into the wound. A 2.7- 
mni drill guide is inserted into Ihe trocar, and a 2.7-mm hole 
is drilled into the proximal segment above the mandibular 
canal. A 2 .ll-mm drill guide is next inserted into ihe hole in 
the proximal segment, and a 2.0-mm hole is drilled in the 
disial segment. 

The depth is measured (tapped if necessary), and the screw 

is inserted Compression is achieved as the screw is tightened. 

TWO more holes are drilled in identical fashion below Ihe 
mandibular canal, and the screws are inserted. 
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A second method of screw placement is lo place two screws 
above and one screw below the mandibular canal. 

A third method of fixation uses three screws (2.0 mm) 
placed along Ihe superior border. 




FIG. 7-11 



The lag screw technique allows fixation of the tegmenta 
with compression. 
NOTE: Lag « ri'ii fixation of lite sagittal a/ 1 '" osteotomy is 

controversial. The compression achieved can alter the rela- 
tionship of the condylar head to the glenoid fossa The sur- 
geon should review tht literature and tlei "'■ »■'»< htechnlque 
is appropriate for each ease 



FIG. 7-10 



CHAPTER A 



Total Subapical Osteotomy 



Key Principles 

Surgical Approaches 



pp. 58-6! 
p. 7 1 -76 



After completion of the osteotomy, thedcntoalveular segment 
is stabilized in the desired occlusal relationship. A miniplate 
is contoured 10 the buccal cortex at the distal portion ol the 
osteotomy. The mnnocortical holes are drilled, and the screws 
are placed. 



After bilateral stabilization is achieved, a third miniplate 
is placed vertically in the midline. The plate is contoured 10 
the buccal cortex, monocorlical holes are drilled, and the 
screws are placed 

(Option) A single lag or position screw may be used in- 
stead ol a miniplate to Stabilize the dentoalvcolar segment in 
the midline. 




FIG. 7-12 
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CHAPTER 5 



Inverted L with Graft 



Key Principles 




pp.5K 


-fit 


Surgical Approaches 






Intraoral 




p. 77 




lixtraoral 




p. 83 





After completion of the osteotomy, the mandible is secured 
in its new position. The grail is interposed between the proxi- 
mal and distal segments. 

A trocar is inserted through the check at the level of the 
horizontal osteotomy. The drill guide is inserted, ihc plale is 
contoured to the buccal cortex bridging the graft, and Hie holes 
ara drilled Screws an ihi-n insertion 1 

A second plate is placed interiorly in an identical fashion 
as the first 




FIG. 7-13 
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CHAPTER 6 



Vertical Ramus Osteotomy 



Key Principles 


pp. 58-61 


Surgical Approaches 




Immoral 


p. 77 


Hxtraoral 


p. S3 



(Option) Lag or position screws may he used in lieu of 
mimplales Al least IWO to three screws should be used, and 
care must be taken to maintain the proper condylar position. 



The osteotomy has been performed, and the distal segment is 
stabilized into (he correct occlusal relationship. 

Two four-hole miniplales are placed across the osteotomy, 
being contoured exactly to the overlapping segments. The 
screws are secured in a monocortical fashion. If a straight 
plate is excessively long, such that one hole extends beyond 
the posterior border, then the L- or T-shaped plate should he 

used iii order to place at least two .screws on each side of the 

osteotomy. 




FIG. 7-14 
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CHAPTER 7 



Costochondral Graft 



Key Principles p. 50 

Surgical Approaches p. K5-8b 



The osteotoim has been performed, and the dislal segment is 
stabilized into the correct occlusal relationship. 

The exposure of the ramus and temporomandibular joint 
is achieved extending from the angle to the glenoid fossu. 
rhis is accomplished utilizing a preauricular incision (lace 
lilt Incision) in combination with a Risdon approach, taking 
care to prcsen e Ihe facial nerve. 



Lag screws are used to secure Ihe graft. A 2.7 mm gliding 
hole is drilled in the graft. Next, a 2.0 mm threaded hole is 
drilled in the ramus through the gliding hole. The depth is 
measured, the hole lapped and the screw inserted. At least 
two screws are inserted. 





FIG. 7-16 



The decision of whether lo continue MMP is at the discre- 
tion of the surgeon. 



FIG. 7-15 



UNIT VIII 



Mid and Upper Facial Trauma 



UNIT tit II. INK 



Frontal/1 'ranial 
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CHAPTER 1 



Frontal/Cranial 



The bones Of Ihc cranial vault, including Ihe anterior w all of 
Ihe frontal sinus arc no! under stress and can be easily re- 
paired with a minimum of fixation. Microplates and three- 
dimensional microplatcs .ire adequate and work nicely. They 
also are thin enough not to show through the thin frontal skin. 

[Managemcni of the frontal sinus is controversial, and li Is 

beyond Ihe scope of this atlas.) 

Exposure is generally accomplished using Ihe coronal in- 
cision. For simple, unilateral fractures, a brow incision may 
be used. (Note that the brow incision results in numbness 
from (he brow superiorly.) 

SIMPLE 



COMMINUTED 



Key Principles 

Surgical Approaches 



pp. 58—61 

p. S7 



Key Principles 
Surgical Approaches 



pp. 58-61 
p. 87 



A uucroplate is generally used to span comminuted areas from 
solid bone to solid bone. The comminuted fragments are re- 
positioned and held up against Ihc plate with a skin hook or 
Ragncl retractor for countertraction. A hole is drilled in Ihc 
fragment, and a screw is placed, thereby stabilizing the frag- 
ment to the plate. This process is repeated for each bone frag- 
ment until the fractures are reduced. Additional screws arc 
placed as desired. Sometimes, fragments may be wired to- 
gether prior to plate fixation. 



The bony fragments are realigned. A microplale is bent to the 
appropriate contour and applied with short t.V to S-mm) 
microscrews. 
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Key Principles pp. 5K-AI 

Surgical Approaches p. H7 



in some cases, Ihe fragments arc so comminuied thai the te- 
duciion cannoi be accomplished in situ, In this siiuaiion, the 
Fragments arc repositioned on me back table, II need be. they 

are wired together a.s the puzzle IS solved. 



Microplates can then he used to stabilize the fragments to 
each other. Overlapping segments of plate extend beyond die 
realigned fragments; therefore, these plate segments will sup- 
port (lie aiilcrior sums wall in position. 

s, uws arc placed through Ihe overlapping plate segments 
into the solid frontal bone, thereby stabilizing the fracture. 
After fixation Is complete, the wound is irrigated, drained, 

and closed. 




FIG. 8-1 



CHAPTER 2 



Zygomatic Arch 



Repair "f Ihe Zygomatic arch is simple after il has been surgi- 
cally exposed. The exposure, however, is difficult. Therefore, 
the depressed arch is often treated from a distance, elevated 
lransorally. or by a Gillics's approach (i.e.. an incision in Ihe 
temporal hair and elevation under the temporalis fascial. When 
simple elevation is tioi ledum .ill> feasible (as a result of corn 
munition or instability), the arch is best exposed through a 
coronal (or hcmicoronall incision. 

After it is exposed, the fragments must he reduced. This 
may require Ihe release of masseteric fibers if fragmenls are 
pulled interiorly, Initial fixation with wire ligatures will help 
align the fragments m preparation lor rigid fixation. 




FIG. 8-2 



Amicroplute (1.0-mm screws) is best suited for the repair 
ol ihe Mgoniatic arch, although a small miniplate ( 1.5-mm 
serewsi may be satisfactory. (Larger miniplates arc not ad- 
\ ised because they are likely to be visible and palpable through 
the skin.) 

A single plate of sufficient length is bent to the shape of 
the reduced zygomatic arch and held in place with an instru- 
ment. This is usually fixed to the solid bone on each end with 



screw s. The smaller intervening fragments arc then stabilized 
to Ihe plate and. thereby, fixed in position. 




FIG. 8-3 

Wire ligatures, if present, may be left in place or removed. 
The wound is irrigated, drained, and closed. 
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CHAPTER 3 



Zygomatic "Tripod" Fractures 






The zygomatic fracture involves the zygomatic arch (ai 
various sites), the lateral orbital rim and wall, the 
infraorbital run and orbital lloor. and the anterior and lat- 
eral maxillary sinusal the zygomaticomaxillary buttress 
It may occur in isolation or in association with l.c Ion 
fractures. 

Displacement may be minimal, moderate, or severe. 
Comminution and/or bone loss may occur. 

Regardless of the situation, the key to repair is ( I ) es- 
tablishing the proper alignment, i.e.. the three-dimensional 
anatomic position, prior to fixation and then (2) the fixa- 
tion itself is not difficult. However, it must he adequate 

lii ttijinijin the position of the hone during healing. 

Caveats; Do not ignore the orbit. When the zygoma is 
significantly displaced, the lateral and inferior (and even 
the mediall orbital walls are frequently damaged. Hie orbit 
is explored initially, but the zygomatic complex is repo- 
sitioned prior to repair of the orbital wall defects Keep 
in mind lite following. 

1 . The presence ol significant enophthalmos and/or en- 
trapment requites orbital exploration and repair. 

2. Severe displacement of the zygoma generally indi- 
cates the need for orbital exploration because 
enoplillialinor, .nul/oi glolv piosis may develop us a 
result of reduction of the zygoma. 

3. Significant herniation Of orbital contents out of the 
orbit, as seen by computed tomography, even in the 
absence of clinical enophthalmos. suggests the need 
for orbital exploration because late enophthalmos 
is likely. 

If there is injury to cranial nerve V2 (the infraorbital 
nerve), explore it. Decompression ol the nerve at the frac- 
ture site may improve the chance of recovery. 



RKPAIR 



Key Principles pp. 58-61 , 62 

Surgical Approaches p. 87, 109, 115. 125. 1 2'. 



(Orbital repair is discussed separately, see L 1 nil S. Chapter 4.) 
Identify the degree and direction of displacement bv clini- 
cal examination and CT scans. 



Minim. ill-, Displaced 

For minimally displaced fractures, a percutaneous elevation 

with a hone hook is possible, or a .sound or other elevator 
may be advanced under the malar eminence from behind the 
lateral orbital rim (through a brow or upper lid incision) or 
from below (through a sublabial incision). 

The minimum fixation Ihal » ill resist functional forces is 
a reasonably strong fixation along the lateral orbital rim A 
miiucompression plate using 2.0-mm screws may be used 




FIG. 8-4 
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A simple lour- lo six-hole miniplate may also be used. 




A straight or curved microplate is inadequate unless mul- 
tiple anatomical areas are fixed. 

Fixation of the zygomaticomaxillary buttress alone is in- 
adequate. Note, however, that exposure of the lateral orbital 
v. all and the zygomaticomaxillary buttress may provide help- 
ful information regarding the exact positioning of the malar 
complex. Plate or wire fixation of these areas, in addition to 
the lateral orbital rim. adds to the stability ol the fixation 



FIG. 8-5 



A2x3 six-hole mlcroplate may provide adequate tta 

bilization as a result of the structural advantage provided 
by the geometric shape. 





FIG. 8-7 



FIG. 8-6 
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Moderate or Severe Displacement 

After determining the direction and degree ol displacement, 
the exposure needed for repair must be decided. II there is 
significant loss of the anteroposterior dimension as a result 
of lateral rotation with fragmentation or telescoping of the 
zygomatic arch, a coronal approach may be necessary lo re- 
position die zygomatic arch and use it lo determine Ihe exact 
anteroposterior position of the /ygomaiie hone. At least, the 
lateral orbital rim and zygomaticomaxillary area should be 
exposed. This will also allow visualization of the infraorbital 
rim during repositioning of Ihe malar complex. 

\Hi-r satisfactory repositioning of Ihe zygomatic complex 
has been achieved, fixation should include al leasi the lateral 
orbital rim and the zygomaticomaxillary buttress for true rigid 
stabilization (Me Tig. 7). 

When orbital floor exploration is necessary, direct expo 
sure of the infraorbital rim (through a conjunctival 01 loner 
lid incision) allows fixation of this area with a microplate. 
This may be helpful in determining the three-dimensional 
position of ihe malar complex in same cases. 



Wire fixation of [he fragments al various sites will help 

reposition the bones in their proper three-dimensional posi- 
tion m anticipation of rigid fixation with plates. 








FIG. 8-9 



FIG. 8-8 






MID AND UPPER FACIAL TRAUMA / 2<JI 



Comminution, Bone LoMb and Associated Le Fort 
l-'racturcs 

These situations make exact repositioning and repair of the 

zygomatic complex difficult Commonly, the zygomatic arch, 
infraorbital rim, and zygomaticomaxillary area are commi- 
nuted. and the lateral orbital rim alone (even i! il is not com- 
minuted also) does not provide adequate information as 10 
the exact anatomical reduction. Preoperative CT analysis and 
.vide exposure lielp in the reduction. The opposite zygoma. 
when intact, provides an invaluable reference point. 

The frontozygomatic region, the lateral orbit, the malar 

eminence, and the zygomatic arch are exposed through the 

coronal incision. The infraorbital rim and orbital floor (and 

medial wall it needed! are exposed through a conjunctival or 
lower hd incision. The zygomaticomaxillary area is exposed 
through the sublabial incision. 

When an associated le Fori fracture is present, inter 
maxillary fixation (IMF) has been used to reestablish the 
occlusal relationship so iii.u repair of the zygomaticomaxillary 

area does 001 create a malocclusion. In die following series 
of figures, associated I e Fori fractures arc assumed. Repairs 
ol the nasofrontal and maxillary fractures arc indicated, leav- 
ing the zygomatic fractures to be repaired as described herein. 
As a general rule, when comminution is severe, initial fixa- 
tion of the multiple fractures with wire ligatures will help 
reduce the fractures and stabilize the position of the zygo- 
matic complex in space. 




FIG. 8-10 



Rigid fixation is generally begun from the stable to the 
unstable, using whatever reference points arc available. A 
micmplalc i >i a small miniplale ( I S-mm screws) may he fixed 
along the zygomatic arch from the temporal root to the malar 
eminence. This will reestablish die anteroposterior dimen- 
sion and help position the zygomatic bone in space i in refer 
ence to the remaining facial bones), 




FIG. 8-11 



Recreation of the lateral and infraorbital rims, using a 
mimplate or three-dimensional microplate along the lateral 
inn and a microplate along the infraorbital rim. will com- 
plete the three-dimensional repositioning of the bone. 




FIG. 8-12 
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ITlhere is enough bone present .11 ihe zygomaticomaxillary 
buttress. Ihen this area is aligned and plated. Whatever plate 

will connecl Ihe areas withoul injuring Ihe tooth roots is the 
plate of choice. 



If a significant defect is present at the zygomaticomaxillary 
buttress, the delect should be hridged with a bone graft. Lag 
screw fixation of ihe graft to Ihe underlying bone al each end 
allows the graft to serve as a rigid fixation device while it 
bridges Ihe gap. 




FIG. 8-13 



(With Ihe nasofrontal and zygomatic components of a Le 
Fori III fracture stabilized, only a Le Fort I component can 
remain. This is stabilized with plates .is needed.) 




FIG. 8-15 




FIG. 8-14 



CHAPTER 4 



Orbital Defects 



Significant orbital delects should be grafted lo prevent the 
enlargement of orbital volume, herniation of orbital contents. 
and resultant globe ptosis and cnophlhalmos. Although vari- 
ous allograft materials can boused lor this, the authors prefer 
and recommend the use of aulogenous bone. 



After the desired shape has been achieved, a microplalc is 
fixed lo the graft along its anteroposterior dimension, with 
excess plate extending anterior!) lor two In four holes litis 
■•■ill bend over the orbital rim. where screws will fix it. thus 
rigidly stabilizing the bone grail lo the orbit. 



Uf.lWIK 



Key Principles 
Surgical Approaches 



pp. sx 6 1 

p. 115. 120. 123 



The orfoil is explored using an appropriate incision for direct 
exposure of the defect area. The defect is identified, and any 
herniated tissues are reduced hack into the orbit. They may 
he temporarily supported with a piece ol alloplastic material. 
The delect is assessed, and in a pp ro p riate bone graft is har- 
vested 

Split rib can be bent and contoured to the appropriate shape. 
If proper reshaping of the orbital contour w ith ilic rib results 
in the creation of a large dead space, the grail can he layered 
and wired together. When more than one width of rib is 
needed, ihe pieces can he fixed together with microplates or 

Ihree-ditnen.sional microplates. 




FIG. 8-17 




FIG. 8-16 
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Calvarial or iliac hone can also he used, and Ihis can be 
similarly fixed Willi a microplale lo ihe orbital rim. Because 
calvarial hone is hard and tannol he bent, if a curve is needed. 
Ihe graft is cul and Ihen fixed back together with a microplale. 




The microplale is then bent lo Ihe desired curvature for 
orbital repair. A second microplale is used lo fix the graft to 
the orbital rim. 

The use of a specially designed orhiial plate or mesh for 
reconstruction of orbital delects has been advocated, but this 
is not recommended by the authors. 



FIG. 8-18 






CHAPTER 5 

Nasal Fractures, Nasoethmoid (NK) 
Complex Fractures, and Nasal Defects 



Of course, the simple nasal fracture is ncii opened for rigid 
fin ii Ion. However, when nasal fractures occur as a compo- 
nent of complex facial trauma, stabilization of the midfeet 
may include fixation of the nasal hones. 
NOTE: The presence of plates on the nasal bones interferes 

milt secondary rhinoplasty (f needed 

The nasal root may be exposed by a direct horizontal 
incision, and the nasoethmoid complex requires bilateral 
lateral nasal dorsal (external clhmoidcclomy) incisions. 

However, this area will general l\ he approached u-.il! g the 

coronal incision. 

NASAI. FRACTURES 



Key Principles 
Surgical Approaches 



pp. 58-61 
p. 87, I(N 



1. When repairing the nasofrontal area, if the nasal bone is 
fragmented, the fragments arc included 10 whatever de- 
cree is possible in the nasofrontal fixation with niiniplatcs 
or microplales Other nasal bone fragments may be re- 
paired by using microplales. 

2. When repairing the infraorbital rim. nasal hone fragments 
may he repaired with microplales. generally as a direct 
extension of the maxillary repair. 



.'. Sometimes, fractures of the lower nasal bones and/or 
nasal processes of the maxillae can be included w ilh the 
repair of the medial vertical maxillary buttresses These 

are generally stabilized « lih niiniplatcs (or three-dimen- 
sional microplales), 




FIG. 8-19 
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NASOETHMOID COMPLEX FRACTURES (NA- 
SALORB1TAL ETHMOID (NOE)) 



Kc\ Principles pp. 58 <>i 

Surgical Approaches p. X7 



.A simple nasoethmoid complex fracture may sometimes be 
repaired by using a plate thai extends horizontal!) across the 
nasal dorsum. This is hem posteriorly i<> stabilize large lacri 
nui bone fragments (with ihe canihal tendons siili attached) 
and hold them medially to prevent lateralization ol the me- 
dial canlhi, 




FIG. 8-20 

More tevere and typical nasoethmoid complex fractures 

require ii.ut-.caiiiii.ti wiring tu prevent hUanilWaiUun »»i the 

camhi, However, d ihe lacrimal ami ethmoid bones are se 
vcrely comminuted, Ihe iranscanihal wires may lend to ride 
forward. rcsuhing in anterior displaceme.nl of the medial 
canlhi, A ntiniplate can be placed in hold the wire posteri- 
mil Miii placement of the Iranscanihal wire, a mlniplaic is 
beni mil die nasal dorsum so thai n reaches Ihe proper win: 
position "ii each suit-. Tin- u Ires may be passed through and 

around the plate holes, or die hules ih.it overlap ihe wire on 
cull side may he cul in hall aero.ss die width "I die plate. 



This plate is then Fixed over ihe nasal dorsum so thai ihe 

Iranscanihal wires are held posteriori) by Ihe plate. This will 
prevent anierior displacement of the wire. 




FIG. 8-22 



As an alternative, bone end Is may he placed Ivhind Ihe 
nasal rool remnoffl lo recreate ihe medial orhiial walls. The 

ii;iii\i;inih;ii wires jiv iiu'n passed iiiioiii'ii hull's drilled in 

die bone grafts I Ins will hold Ihe wire in position and pre- 

vein anierior displacement. 




FIG. 8-23 



FIG. 8-21 
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Transcanlhul wires may be placet! BOOHS the nasal sep- 
tum and through holli medial canlhal ligaments. Two alter- 
native techniques may enhance ihe repair of the medial 
canlhal positions. 

1. When using wire for Ihe repair. .1 J-ll permanent suture 
may he placed is several loops through ihe canlhul liga- 
mcni This suture is then caught with die wire 10 avoid 
tearing of ihe ligament by the wire. 

2. l-.ach canlhal ligament may lie sutured indepe nden tly to 
the contralateral frontal bone after passage of the suture 
through Ihe nasal septum. Tins requires drilling out the 
inferior frontal sinus or passage of a screw into the tron- 
lal bone around which the suture is tied while pulling the 
contralateral canlhal tendon to the desired position. 




FIG. 8-24 
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NASAL DORSAL DEFECTS 



Ke> Principles pp. 50. 58-^1 

Surgical Approaches p. X7 



n ihc nasal dorsum is severely comminuted or lost, a cantile- 
ver bone graft can be fixed In the frontal cranium by using 

rigid fixation. Several techniques can be used for fixation of 
the bone graft The graft is shaped to provide reconstruction 

of Ihe nasal dorsal contour 

I. The grail can be designed 10 overlap the frontal bone. 
One or two lag screws can then be used (two are prefer- 
able) to fix the graft in the underlying frontal bone. The 

larger gliding hole is drilled in Ihe graft. (This hole is the 
size ol the screw thread.) A countersink is used to en- 
large the hole so that the screw head -Us Hush in ihc 
I Hn~ wotks well in Ihe hard calvarial bone grail, 
although u niav lead lo splintering in a rib grafl. I l'he 
second hole is drilled with the smaller drill (ihe size of 
the screw shaft) in Ihe underlying frontal hone. A screw 
is placed and tightened, stabilizing the grail lo the un- 
derlying fronial bone. A scwml lag screw increases ihc 

slabilily ol the fixation and prevents possible rotation of 
ihe grafl. 




FIG. 8-25 



2. The grafl may be fixed lo ihe frontal bone with a 
niiniplate. In this case, ihc grafl sils Hush against the in- 
ferior edge of Ihe fronial bone instead of overlapping it 
Al least two screws in the fronial bone and two screw s in 

ihc grail will provide stabilization. 




FIG. 8-26 



3. The niiniplate can he benl so that .it leasl two holes over- 
lap Ihe fronial hone, and ihe plale comes down al right 
angles along Ihe inferior fronial bone lo Ihe depth of the 
grafl. The remainder of the plate sits under the grafl and 
supports it. The plale is screwed lo ihc undcrsurface of 
Ihe graft so lhat Ihe screws do nol protrude. The graft 
and plate arc positioned, and screws are placed through 
the plate into the underlying fronial bone. 




FIG. 8-27 
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Note thai, although ihis technique prevents the plate 
from overlying the graft and showing through the nasal 
skill, it also places the plate between the graft and the in- 
terior frontal hone, decreasing (he chance of formation of 
a solid bony union. It is therefore not the recommended 
technique of the authors. 




FIG. 8-28 



CHAPTER 6 

Le Fort I 



The Le Fori I fraclurc may occur in isolation "t in association 

witli more complex Le Fori II ami III fractures. The classic 
I... I on I separates the lower maxillae from the resl of Ihe 

face, traversing the maxillae horizontally ihrough the pyri- 

form apertures, the lower nasal septum, and the lateral and 
post eri or walls of the maxillary sinuses. 



RKI'AIK 




FIG. 8-29 



In llns alias, we approach the more complex facial frae- 
lures In starting with llie niosi complex components anil sltn- 
plilyuig iheui by converting ihem by sequential stabilization 
into simpler fractures. Thus, a complex le Fort III fracture 

thai includes Le Fori I and II components is classified as a 
complex Le Fort III. After the zygomatic component has been 

stabilized, Le Fort I and II fractures persist. Fixation of the 

nasofrontal area and infraorbital rims (and the nasoethmoid 
ami Orbital components when present) leaves only Le Fort I 
components, which are repaired as outlined in this section. 

The presence of a spin palate, severe comminution, and/ 
or Nine loss add addilional complexity anil are discussed 
Individual!) 



Key Principles 
Surgical Approaches 



pp. 58-61 
p. 109 



Dentuloui 

Arch bars are First applied to the teeth and proper occlusion is 

reestablished if possible. If the leeth do noi come together 
easily, disimp.iciion may be carried out immediately or de- 
ferred until Ihe fractures have been exposed. 

Edentulous 

An arch bar or demure ( splint I containing an arch bar is fixed 
to the mandible With cirvuimniimlihulur w ires. A demure 
(.splint I containing an arch bar is positioned over Ihe maxil- 
lary alveolus to identify die occlusal relationships. Suspen- 
sion wires are not used 10 secure the demure. However, the 
denture may be screwed into the palate il desired. (A 10- or 
2.7-mm lag screw may he used for this purpose! 




FIG. 8-30 
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The occlusal relationship Is reestablished. II there is a gross 
discrepancy, ifoe splint is removed, ihe midfacc is disimpacied, 
and Ihc splint is replaced. I Attempting to disiinpaci the 
midfacc with the splint in place may fracture the splint. | Vgain, 
disimpaclinn may be deterred until alter all tracttire lines have 
been exposed. 

A sublabial incision is made. The maxillary bone Is ex- 
posed, using care to avoid elevation of Ihe fractured frog* 
ment.s with the llap. 

The fractures are identified and assessed, paying particu- 
lar atlenlion to Ihe status ol Ihe lour vertical buttresses, two 
on each side .is follows: ( 1 I the Nine surrounding the pyrt 
forni aperture medially and (2 J the maxillary wall laterally. 
\l this lime, if proper realignment has not been accomplished, 
disimp.iclion is carried oul. 

The bone fragments are aligned prior to fixation. Some- 
times, they slay in position after reduction, hut frequently, 
they musi be reduced and held with an instrument, such as a 
small hook or a Ragnel retractor, 

With an assistant holding the bones in position, the sur- 
geon selects an appropriate plate lor the most accessible 
fnu Hue generally •»' the p> riform aperture No rinojc plate 
shape is ideal. The plate selected should allow for Ihe 
placemen! of at least two screws on each side of Ihe frac- 
lure, without risking injur] to tooth roots, particularly the 
high riding canine root. 

NOTE: ( 'ompressionlsnot generally possible bet ante of the 
thinness of the hones and the small amount of bone-to-bone 
contact. Also, by compressing the f rat lures, displacement »/ 
the maxillae can oa m. resulting in a malocclusion. Neutral 
miniplates are therefore used 

After Ihe desired plate shape has been selected. ■ template 
may be placed directly on the bone and pressed into shape, 

Mill : Some W geoits prefer to hand Ihe plate to shape » ilk- 
inn the intervening step of using a template (This is an indi- 
vidual decision, bitl experience is required because repeated 

betiding weakens the plate. i 

The occlusion is rechecked before plate fixation is started. 
The plate is held in position with a finger or instrument, and 
the first hole is drilled. C'ounlertraction on the bone with a 
hook or retractor lifting the bone against the drill bit may 
decrease Ihe likelihood of fraclure or displacement of the 
bone during drilling. Irrigation is used. A drill guide will 
decrease drill wobble. A depth gauge is used 10 measure the 
depth, and a sell lapping screw of appropriate length is placed 
and tightened. 
NOTE: Tapping the holes in the thin maxillary hones in- 

t reases the risk o) damaging the thread m the hone ami is not 
recommended 

Each hole is drilled and measured. and a screw is placed 
in turn until all the screw s have been placed. Some surgeons 
do not measure the depth of the holes, generally using 4- la 
7-mui screws as needed. 



Phis process is then repealed at the second vertical but- 
tress, generally ihe opposite pyrifonn aperture. Similarly, rigid 
fixation with miniplates is then p erf ormed sequentially at Ihe 
remaining Iwo buttresses 




FIG. 8-31 



At this point, the Le Fort I fraclure should be rigidly fixed. 
Occlusion is rechecked. and IMF. if in place, is released. The 
incision is irrigated, drained, and closed in layers. 
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DEFECTS 



Key Principles 
Surgical Approaches 



p. 50 

p, mm 



When bridging gaps greaicr ihan 5 u> 10 mm, bone grafting 
is advised for increased stability during healing and to ensure 
a greater likelihood of bony union and a long-term stable re- 
sult. Riborcalvanum is generally selected The appropriate 
graft is harvested and shaped so that the bone grail overlaps 
the bone on either side ol the defect, lag screws may then be 
placed through each end of Ihe grail and into the bone under- 
neath. This serves to Stabilize both the graft and the fracture. 
Ihe graft itself serves as Ihe rigid fixation device, thereby 
both bridging and stabilizing the fracture at once. 




Severe comminution and bone loss, which necessitate bone 
grafting, most commonly occur in the thin bone of Ihe lower 
maxillae. Bone grafts provide reconstruction of the vertical 
buttresses (zygomaticomaxillary and pyriform) and. thereby, 
stabilize the severely comminuted Le Fort I fracture. 



FIG. 8-32 



CHAPTER 7 



Le Fort II (Classic) 



The classic Le Fort II fracture extends from one lateral max- 
illary buttress superomedially across the maxilla and traverses 
the infraorbital rim. orbital floor, and medial orbit 
superomedially to the nasal bone at the nasofrontal junction. 
There, it crosses the midline separating the nose from the 
skull and makes the same path infcrolaterally to the opposite 
lateral maxillary buttress. The fracture extends posteriorly 
along the perpendicular plate of the ethmoid medially and 
posteriorly through the posterior walls Of the maxillary si- 
nuses. The pterygoid plates are generally fractured horizon- 
tally, thus separating a pyramidally shaped midsection of the 
face Ironi llie ivin.imdcr of die face and skull 




The pure Le Fort II. as just described, is not typical today 
because most injuries involve some degree of comminution 
and other fractures, such as nasal fractures, lower maxillary 
fractures (Le Fort I components), and nasoethmoid complex 
fractures, and comminution of the maxillae and orbits are also 
frequently associated with the Le Fort II complex. (When a 
zygomatic or trimalar fracture is associated with a Le Fort II. 
such that a true craniofacial separation has been created, we 
call this a complex Le Fort III. thus naming die fracture by us 
most complex component.) Repaii is aimed al simplifying 
the fracture by repairing each complex component stepwise. 
until Ihe simpler more basic fracture is all that remains. 

This section addresses ihe remaining classic Le Fort II. 
assuming other associated fractures have been stabilized. See- 
the appropriate sections for each complex associated frac- 
ture. 



FIG. 8-33 
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p. 1(19 



Demulous 

■\i,li bant are first applied to Ihe teeth, and proper occlusion 
is reestablished if possible. II the teeth do IMJI come togelhci 
easily, disimpactiojl may be carried out immediately or de- 
ferred until Ihe fractures have been exposed. 

Edentulous 

Anarch bar or denture (splint) containing an arch bar is fixed 
10 the mandible with circiimimmdihular wires. A denture 
(splint) containing an arch bar is positioned over ihc maxil- 
lary alveolus io identify the occlusal relationships. Suspen- 
sion wiles are not used to secure the denture. However, the 
denture may be screwed into the palate it desired t A 2.((- or 
2.7-mm lag screw may be used for this purpose i 




FIG. 8-34 



The occlusal relationship is reestablished. If there is a gross 
discrepancy, the splint is removed, the midface is disimpacled, 

and the splint is replaced. (Attempting to disimpact the 
midface with the splint in place may fracture the splint.) Again, 
disimpaction may be deferred until after all fracture lines have 
been exposed. 

A sublabiul incision is made, and Ihc maxillary bone is 
exposed, using care lo avoid elevation of fractured fragments 
with the flap. In some cases, exact repositioning of the Irag- 
ments "ill require exposure Ol Ihc nasofrontal area. A single 
incision at the nasion will general)) suffice, although if fur- 
ther frontal, nasal, or orbital exposure is required, a coronal 
flap may be elevated. Sometimes, it is necessary 10 expose 
one or both orbits to repair associated orbital fractures and/or 
for wider exposure and direct access (or fixation of the 
infraorbital rims. This can be done by conjunctival, subciliary. 
or infraorbital incisions. 

Alter the bones are satisfactorily reduced, plalc fixation is 
cm icd out. If the fragments are mobile, or if countertraclion 
is needed, an assistant supports the hones with hooks or small 
retractors. 

If there is a strong tendency for rotation and relro- 

poslfionirijj ol 'ihc nasal root, ii may be necessary IO place a 
w ire or a scrcvt Into the nasal root and pull outward, holding 
the bone in the proper position for fixation. Alternatively. Asdi 
forceps may be used to disimpact the nasal root il the nasal 
bones are intact and continuous with the maxillae If needed, 
fixation of the ii.isolroni.il area can he accomplished "iih 
miniplates or microplatcs. 

Option I: A plate may be placed vertically on Ihe midline. 
After bending the plate, u is held firmly in place. Bach hole is 
drilled, and a 4- or 5-mm screw is placed. 







FIG. 8-35 
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Option 2: As an alternative, to increase the amount of sta- 
bilization and decrease the likelihood of the plate showing 
through the skin, two plates may he placed just off center 
from the frontal hone onto the dorsolateral portion of each 
nasal hone. A four- or five-hole straight niiniplate or 
microplntc is ideal for each side. This must he carefully hem 
to match the curvature of the bone. With the plate held in 
place, each hole is drilled and a 4- or 5-mm screw is placed. 




FIG. 8-36 



if nasofrontal fixation has been carried out. the fracture i~ 

partially stabilized, and care must be taken to avoid exces- 
sive manipulation at the zygomaticomaxillary level. Align- 
ment is adjusted along the zygomaticomaxillary buttresses 
bilaterally in preparation lor rigid fixation. Alignment of the 
infraorbital runs is assessed through the sublabial approach 

1 1 orbital exploration is required, direct exposure of the rim(s) 

allows lor fixalion wiih wires or microplalcs if needed. A 
solid fixation along the zygomaticomaxillary buttress ensures 
rigid stabilization of the Lc Fort II fracture. Multiple screw 
fixation points arc desirable: therefore, the L. J. X. or three- 
dimensional type of plate is selected if there is enough bone 
present. This should allow lor placement of at least two. but 

preferably three or more, screws in each segment A template 

may he used, or the plate may be bent without using a icin 
plate. Great care must be taken to match the plate to the nom- 
as accurately as possible with as lew bends as possible so 
that a strong and dependable fixation results. Each hole is 
drilled, and a screw is placed before proceeding to the next 
hole. This is repealed along the contralateral zygomaticomax- 
illary buttress. 




FIG. 8-37 



It is not uncommon to find significant comminution in the 
anterior maxillary areas, thus creating a more complex frac- 
ture Chen the simple Le Fort II. as described by Le Fort (ami 
as accomplished intentionally in orthognathic surgery i 

Comminuted segments of bone can often be reconstructed 

if the piece are present and strong enough. An assistant may 
hold the fragments up with u Trach hook while the surgeon 
places miniplales over the fragments and stabilizes them to 
each other. Sometimes, multiple small fragments may be wired 

together. It is then easier to join these partially stabilized bone 

fragments together with one or more miniplales or three-di- 
mensional microplalcs Atiei fixation of the fractures has been 
completed, the wounds are irrigated, drained w hen appropri- 
ate, and closed. 
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When bridging gaps greater lhan 5 to 10 mm. bone grafting 
is .ids ised lor increased stability during healing and to ensure 
■ greater likelihood of bony union and a long-term stable re- 
sult. Rib or calvarium is generally selected. The appropriate 
graft is harvested and shaped so that the bone graft overlaps 
the bone on either side ol the defect. Lag screws may now be 
placed through each end of the graft and into the bone under- 
neath. This serves to stabilize both Ihe graft and the fracture. 
The graft itself serves as the rigid fixation device, thereby 
both bridging and stabilizing the fracture at once. 

Severe comminution and bone loss, which necessitates 
bone grafting, occur most commonly in ihe thin bone of 
Ihe lower maxillae. Bone grails provide reconstruction of 

the vertical buttresses (zygomaticomaxillary and naso- 
maxillary! and thereby stabilize the severely comminuted 

l.e Fort II fracture. 




FIG. 8-38 



CHAPTER 8 

Le Fort III 



The classic Lc Fort III fracture or "craniofacial separation" 

traverses the lateral and medial orbital walls, the nasofrontal 

area, the nasal septum, and the zygomatic arches, completing 
the craniofacial separation posteriorly through the posterior 
orbital floors anil pterygoid plates. This "pure" form of the 
Le Fort III is rarely seen today, most are more complex, of- 
ten including multiple maxillary fractures, zygomaticomax- 
illary fractures, and nasal and ri.isoclhmoid complex fractures. 



REPAIR 




FIG. 8-39 



Repair of the classic Le Fori III is described, Note that, in 

a more complex fracture, after Ihe zygomatic bones and na- 
sal bones are fixed to the skull, any remaining fractures would 
be Le Port 1 and II fractures, and they are repaired as such, 



Key Principles 
Surgical Approaches 



pp. 58-61.62 

pp. 87, 109 



Denlulous 

Arch bars are first applied to the teeth and proper occlusion is 
reestablished if possible. If the teeth do not come together 
easily, disimpaclion may be curried out immediately or de- 
Irrrcil until the fractures have been exposed. 

Fxlcntulous 

All arch bar or denture (splint) containing an arch bar is fixed 
to the mandible with circummandibulur wires. A denture 
(splint ) containing an arch bar is positioned over Ihe maxil- 
lary alveolus lo identify Ihe occlusal relationships. Suspen- 
sion wires are not used to secure Ihe demure. However, the 
demure may be screwed into Ihe palaie if desired (A 2.0 01 
2.7-mm lag screw may be used for this purpose, i 




FIG. 8-40 
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The occlusal relationship is reestablished 1 I there is a gross 
discrepancy, the splint is removed, the midface isdisimpacted, 
.mil ihe splint is replaced. (Attempting to disimpacl the 
midface with the splint ill place may fracture thesplinl.lAgain. 
disimpaction may be deferred until after all fracture lines ha\ e 
been exposed. 

Simple. When the Le I'ort III Iracture is relatively 
nondisplaced, particularly the zygomatic components, it may 
be possible to stabilize the zygoma* to the frontal bones by 

using ■ limited approach, thereby converting the Le Fort III 
to a Le Ion II This is more likely when dealing wilh a unilat- 
eral Le Fort III. which in fact may he more like a Le Ion II 
with an associated zygomatic (tripod) fraclure. Nole. how 
ever, that any significant displacement of the zygomatic arch, 
particularly with disruption of Ihe zygomaticomaxillary ele- 
inenis makes proper realignment of Ihe zygomaticoiroiilal 
relationship unlikely through a limited approach, and wide- 
exposure using a coronal flap is recommended. Keep in mind 
also that. :is noted earlier, in mosl Le Fort III fractures. Ihere 
is indeed disruption of the zygomaticomaxillary area. This 
makes realignment of Ihe zygomatic position relative In die 
Stable cranial hones more difficult than lhat of the tripod frac- 
ture in which the stable maxilla provides additional rnlorma- 
tinn tor zygomatic repositioning, 

II a limited approach is selected, then die fronloz.ygomatic 
portion of Ihe fracture is exposed by using a brow incision or 
an upper lid incision. Bone is exposed above and below Ihe 
fracture. Exposure of the lateral orbital wall provides an ad- 
ditional reference area for bone alignment and, thereby, in- 
creases the likelihood of proper reduction. After proper re- 
alignment is ensured, a niinipiatc (neutral or compression) is 

applied along the strong frontozygomatic vertical hutlress. 




II this has been successfully and satisfactorily accom- 
plished. Ihe patient is now lefl with a Le Fori II fracture Re- 
fer to Ihe section on Le Fort II fractures for the remainder of 
Ihe repair. 

Complex. In mosl situations, the craniofacial separation 
provides few landmarks for proper facial bone realignment. 
Therefore, maximal exposure to maximize the number of ref- 
erence points is generally used. 

A coronal Hap is elevated and brought interiorly to ex- 
pose the nasal root, lateral orbital rims, and zygomatic arches. 
The lateral orbital walls usually are also exposed. 

The sublabial incision is made, therein exposing the max- 
illary components of Ihe fractures (except in the rare situa- 
lion in which a pure Le Fori III has occurred). Care is used to 
avoid elevating Ihe fractured fragments with Ihe flap. (If 
disimpaction has not been completed or was initially ineffec- 
tive, it is carried oul al ihis lime. When using die Rowe 
iiiidl.iu.il disimpactors. care iiiusi be used nol 10 pull Ihe 
midlacial hones superiorly because dural and even brain in 
jury and blindness could result. Occlusion is then stabilized 
with IMF.) 

The nasofrontal area is fixed to prevent rotalion Of the 

midface This may be wired initially ii ihe exacl position 

is uncertain. 




RG. 8-42 



When a nasoclhmoid complex rraclure is present, a bone 
grab may lie required. This is performed alter stabilization of 
the midface. 



FIG. 8-41 
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Each zygoma is repositioned, using in typical sequence 

iIk- fragments of the zygomatic arch, the fronto/.ygomatic area, 
the lateral orbital wall, and the zygomaticomaxillary area (if 
possible) as reference points. 





FIG. 8-43 



FIG. 8-45 




FIG. 8-44 
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11 the nasal root lias been stabilized. Ilien fixation of the 
zygomatic bones lo the skull constitutes repair of Ihe eranio- 
facial separalion and, thus, stabilization of the Le Fori III. 
Because most fractures seen today are not pure Le Fort frac- 
tures. Le Fori I and II components and nasoelhmoid and or- 
bital fractures often remain. Their repair is discussed in the 
appropriate sections. 
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FIG. 8-46 



After fixation of the fractures has been completed, the 
wounds are irrigated, drained when appropriate, and closed. 



Key Principles 
Surgical Approaches 



p. 50 
p. 109 



When bridging gaps greater than 5 lo 1(1 mm. bone grafting 
is advised for increased stability during healing and to ensure 
a greater likelihood of bony union and a long-term stable re- 
sult. Rib or calvarium is generally selected. The appropriate 
graft is harvested and shaped so thai Ihe Nine graft overlaps 
the bone on either side of Ihe defect. Lag screws may now be 
placed through each end of the graft and into Ihe bone under- 
neath. This serves lo stabilize both the graft and Ihe fracture. 
The graft itself serves as the rigid fixation device, thereby 
both bridging and stabilizing ihe fracture at once. 




Severe comminution and bone lass, which necessitate bone 
grafting, are most commonly seen in (lie Ihin bone ol the lower 
maxillae Hone gratis provide reconstruction of the vertical 
buttresses (zygomaticomaxillary and nasomaxillary) and. 
thereby, Stabilize Ihe severely comminuted l.e Fori I. II. and 
III fractures. 



CHAPTER 9 

Severe Comminution of the Maxillae 
(Le Fort I, II, and III) 



When the maxillary bones arc severely comminuted. 
11 is haul it) determine ihe correct spatial repositioning 
ol Ihe bones, IMF is key lo reestablishing the occlusal 

relationship. If at least one vertical buttress is present 
on each side, rigid fixation ot these v. ith miniplates or 
three-dimensional microplales will reestablish facial 

height. If all the vertical buttresses .ire ihattered, the 

vertical height of the mandible helps to define the Fa 

eial height. 

n bilateral subcondylar fractures ol the mandible 
are also present, then facial foreshortening can easil) 
result. It is imperative in this situation lo open and 
repair at least one if not both subcondylar fractures 

prior lo fixing the maxillae. 



When possible, Ihe comminuted fragments of maxilla arc 
pieced together and slabili/ed with wires lo reestablish the 

alignment as much as possible. Miniplaics or three-dimen- 
sional microplales are then used to fix Ihe mosl solid bone 
inferior!) (above ihe alveolus I to Ihe solid bone above. fixing 
intervening (ragmenis lo ihe plates with screws whenever pos- 
sible. If Ihe intervening fragments are too shattered lo he saved 
and fixed even w ith wires, then the area should be treated as 
a defect, and a bone graft technique should he used. 




FIG. 8-48 
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CHAPTER 10 

Split Palate 



I In- presence of a spin palulc in combination with bilateral 
Lc Fort fractures makes proper realignment of the fragments 
exceedingly difficult because IMF will lend 10 rotate the bones 
and direct the teeth lingually. This problem is magnified tre- 
mendously if a mandible fracture is also associated, particu- 
larly a symphyscal fracture. The use of a denture (if the pa- 
tient had one) or a splint is advised in this situation to provide 
a guide for the proper bony reduction. 

When a mandible fracture is present, it is generally 
repaired first The repaired mandible will then serve to 
guide the positioning of the maxillary alveolar fragments. 
If need be. a palatal flap may be elevated, and the palatal 
fracture may he repaired with a minipble or a three-di- 
mensional microplale. 




FIG. 8-49 




FIG. 8-50 
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If a splint or ilcnlure is used lo reduce the maxillary frag- 
ments, ihen a miniplatc is plated across ihe inierim maxilla, 
stabilizing ihe palatal fracture 



(The splint may be fixed to Ihe palate on each side with 

screws. overdrilling the hides in ihe splint | gliding holes], 

so that a lag screw fixation of the splint to the palate is 
accomplished.) 




FIG. 8-51 




FIG. 8-52 



After the split palate has been stabilized, (lie l.e l-'or! Itac 
Hires are repaired as outlined earlier. 
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NOTE: The surgeon should review the literature carefully 

regarding the use of rigid fixation and filial growth and de- 
velopment. In particular, the use oJ plates across sutures 
should be left to the experience and dist relion of the surgeon 
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CHAPTER 1 



Midface Orthognathic 



IK IORT 1 OSTEOTOMY 



Key Principles 
Surgical Approaches 



pp. 58-61 
p. I(W 



.1. The medial and laieral buttresses provide thicker bone 
tor screw placement; therefore, plates should be applied 

in these areas. 



I All osteotomies have been completed, and the maxilla 
has been completely mobilized and repositioned. 

2. Plates are placed on the medial and lateral buttresses and 
contoured exactly to the surface of the maxilla on each 
Hide of the OMeoUwny.The links are drilled in tin- neutral 
position, and the screws are inserted, (arc must be taken 
to drill the holes greater than 5 mm from the root apices 
'Pie length of the horizontal step in the miniplates must 
equal Ihe amount of maxillary movement; otherwise, 
malocclusion will result. 





FIG. 9-2 



FIG. 9-1 
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■4. As an alternative 10 miniplaies, ;i single three-dimensional 
plate may also be used to Stabilize the maxilla. The plate 
should span from the medial to the lateral buttress and 
be anchored in this thicker bone. 



5. If interposilional bone grafting is needed to correct ver- 
tical maxillary deficiency, then hridging plates can be 
used to stabilize the osteotomy. 
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FIG. 9-4 
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FIG. 9-3 



MIDFACE ORTHOGNATHIC AND CRANIOFACIAL / 319 



IK IORT II OSTKOTOMY 



Key Principles pp. 58-61 

Surgical Approaches pp. X7. 109. 1 15, 120. 1 23 



1 . The osteotomies have been completed, and Ihe maxilla 
is complete!) mobilized and rcposilioned. 

2. Miniplalcs are contoured to the surface of the lateral but- 
tress, holes are drilled, and the screws are placed. 
Microplales are placed along Ihe infraorbital rim. 

3. Additional stabilization can he gained by placing plates 
al the nasofrontal suture with a bone graft. 




FIG. 9-5 
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Key Principles pp. 58-61 

Surgical Approaches pp. 87, I(W 



3. Low-profile plates should be used al Ihe fronlozy gomutic 
sulure hceau.se ihe skin is lliin and underlying fixation 
devices are easily palpable. Alternatively, a plate may be 
placed m Ihe temporal fossa 



I. The osteotomies have been completed, and Ihe midface 
is completely mobilized and repositioned. 

1. Plates arc contoured exactly to the surface of the 
fromozygomalic and nasofrontal sutures and the zygo- 
matic arch. With Ihe bone grafts in position, the holes 
BR drilled, and the screws are placed. 





FIG. 9-7 



FIG. 9-6 






MIDI \c I ORTHOGNATHIC AND CRANIOFACIAL / 321 



l.K FORT III PLUS I OSTF.OTOMY 



Key Principles 

Surgical Approaches 



pp. 5S-6I 
pp. 87, 109 



1 . The osteotomies have been completed, ami ilie midfacc 
is mobilized and repositioned. The [wo midfacial seg- 
ments arc stabilized in their respective positions. 

2. Plates are contoured to the surface at the nasofrontal and 
fronlo/ygomaiic sutures ami the zygomatic arch. With 
bone grails in position, the holes are drilled, and the 
screw) arc placed. 

3. Plates are contoured to the medial and lateral buttresses, 
the holes are drilled in a neutral position, and the screws 
arc placed. 




FIG. 9-8 
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TOTAL MALAR OSTEOTOMY 



Key Principles pp. Ss <>l 

Surgical Approaches pp. S7, 1 09. 115. 120. 123 



i . i Ik- osteotomies are completed, and the zygoma is mo- 
bilized and cnrreclly repositioned. 

2. Plates are contoured to the underlying bone at Ihe 

ftontozygomatic suture, the inferior orbital nm. ami the 

zygomatic arch. Low-profile plates should lie used to 
avoid palpable fixation devices. The surgeon may choose 
not in place plates al all lltree locations. This decision 
should be based on Ihe stability of Ihe repositioned /> 
goma and the operator's experience 




1 



FIG. 9-9 









CHAPTER 2 

Craniofacial 



KRONTO-ORBITAL OSTEOTOMY (BILATERAL) 



Key Principles 
Surgical Approaches 



pp. 58-61 
p. 87 



3. After ihe orbital bar is secured, the craniotomy bone flap 

is remodeled and placed in its new position Mioroplates 

are used 10 secure (he bone Map lo Ihe Orbital bar. 



1. The bifrontal craniotomy has been performed, and the 
bone flap is removed. A longue-in-groove osteotomy is 
created to allow bone contact in the temporal loss.! 

2. After Ihe orbital bar is remodeled, it is placed in its new 
position. A plate K Contoured to ihe underlying bone in 
the temporal fossa. The inferior portion of the plate should 
he anchored in the greater wing of the sphenoid, which 
provides a solid foundation for the screws. 





FIG. 9-11 



FIG. 9-10 
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4. If i he bone flap and Ihe Orbital bar have been sectioned. 
(hen plales should span lhin.e ns(eiKniii\ siles. 




FIG. 9-12 



MIDFACE ORTHOGNATHIC AND CRANIOFACIAL / 325 



KRONTO-ORBITAL OSTEOTOMY 
(UNILATERAL) 



Key Principles pp. 58-61 

Surgical Approaches p. X7 



] After Ihc orbital bar has been secured. Ihe craniotomy 
bone tlap is remodeled and placed in ils new position. 
Vlicroplales are used |0 secure ihe bone tlap lo Ihe 01 
bnal bar. 



1. The frontal eraoiomnij has been performed, and the bone 
dap is removed. A longuc-in-groove osteotomy is cre- 
ated lo allow adequate bone contact in Ihe temporal fossa. 

2. Alter the orbilal bar is remodeled, n is placed in Us new 
position. A plate is contoured to the underlying bone in 
Ihe temporal i< ssa llu- interior portion ol Ihc plate should 
lie anchored in the greater wing of ihe sphenoid, which 
provides a solid foundation for the plate. 





FIG. 9-14 



FIG. 9-13 
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TRIGONOCEPHALY CORRECTION 



Key Principles 

Surgical Approaches 



pp ss (,l 
p. 87 



I. The htfronial craniotomy has been performed, and the 
hone flap is removed. The orhilal osteotomies have been 
completed, and the fronlo orhilal har is removed. 





FIG. 9-18 



4. II the lateral portion of the har requires remodeling, 
greeustick fractures ate created, the lime is remodeled, 
and microplates are used to stabilize the hone segments. 



FIG. 9-15 



2 The inner table of the midline I. II cm of the fronlo- 
orbital bar is removed, and the bar is fractured through 
the fused mclopic suture. "Pie repositioned halves are held 
in position by a inicroplale across the suture. 




FIG. 9-19 



5. I he remodeled fronlo-orbital bar is replaced, and the 
longue-in-groove osteotomy is secured with plates I ol 
lowing Ibis, the remodeled frontal bone flap is secured 
to the bar with microplales. 




FIG. 9-16 



* Aliemalively. the graft taken from the inner table is placed 
across the fracture and lag screwed into position. 





FIG. 9-20 



FIG. 9-17 
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ORBITAL HYPERTELORISM CORRECTION 



Key Principles 

Surgii.il Approaches 



pp. 58-61 
pp. 87. 109. 



15, 120, 123 



I . The craniotomy and the four-quadrant osteotomies have 
been performed, and the orbits are mobilized. If an 
encephalocclc is present, the midportion of the frontal 
bar and nasal bones may be removed, allowing excision 
Of ectopic brain tissue. The bone is replaced and secured 
with microplales. 



2. After medial translocation of the orbits, BiiCroplatCS Bit 
used to secure the orbital segments 10 the frontal bar. 
Bone grafts arc placed at the lateral orbilal walls and Ihe 
nasal bones. These are secured with lag screws, 
mimplates. or microplales. depending on Ihe degree of 
stability required. 




FIG. 9-21 




FIG. 9-22 
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3, After ihc orbital li.ii i- secured, the frontal hone Hap is 
replaced and secured with microplales. Various plates that 
may be used are shown. 




FIG. 9-23 
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FACIAL MONOBLOC 



Key Principles pp. 5H-6I 

Surgical Approaches p. K7 



I. The bifronlul craniotomy has been performed, the 
midface osteotomies are created, and rhe midfacc is mo- 
bilized and secured in ils new position. A bone grail is 

pieced in the defect of the zygomatic arch and secured 

wilh a microplaie. 

(( rption I ) The plate secures Hit- tongue-in-groove OS- 

leoiomy lo Ihe greater wing ol the sphenoid. 

(Option 2) The plate spans the gap in the temporal fossa 
and connects the lateral orbit to the greater wing of the 
sphenoid. 




FIG. 9-24 



2. The craniotomy bone flap is remodeled and placed in its 
new position. The bone Hap is secured to Ihe frontal bar 
wilh microplates (Opiums 3 and 4|. 




FIG. 9-25 

3. If further stabilization is necessary, plates can lx* placed 
M hiss ihe gap al Ihe coronal sulure. 

(Option 5 1 A standard miniplate sp.Hi~ ihe deled 

(Option t<) A microplate is used lo span ihe defect. 




FIG. 9-26 
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Cranial vault, fracture of, 285-286 

Cullers, plate, I ' 



I) 

Defects 

mandibular. 263 
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Metals d imi',1 I 
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Neutral drill guides, 15 
Neutral plates, placemeni ol 61 
Nose, fracture of, 198-199, 295 
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Palate, split. 312-313 
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miniplale fixation for, 176 
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172-173 
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174 175 
three-dimensional plate 

fixation for. 1 77 
edentulous, fracture of 
EDCPfor. IKK- IS') 
lag screw fixation for, l'»l 
mandibular rc-consiruclion 
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miniplale fixation for. 1X6 
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three-dimensional plate 
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cstr.ioial surgical approach |o. 

81-82 
intraoral surgical approach to, 
71-73 
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AO 2.7-mm reconstruction. 12 
Plate cutters. |3 
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with side rollers. 6-7 

Retractors, for transbuccal 

instrumentation. 20 
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Rigid fixation, principles of, 39 
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compression, placemeni of, 61- 

65 
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three-dimensional plate 

fixation for. 153 

edentulous, fracture of 
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I l>< P system for, 167-168 
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171 
mandibular reconstruction 
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miniplate fixation for. 165 
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81-82 
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laps. 16 

Templates, 13 

Temporomandibular joint. 

extraoral surgical approach to, 
X5 

tension hand, biomechanics of, 42 

THRP system 

instruments for. 21 23 

placemeni of, 6X 



plate for. 25-26 
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Titanium, 4 

Total malar osteotomy. '22 
Total subapical osteotomy. 27X 
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Forceps, 5 

Toxicity, of metals. I 

Tracnon wire, biomechanics Of, J2 
Transbuccal instrumentation, 

18-21 
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retractors for, 20 
trochars of, 18 
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closure for, 1211 

rrigonocephaly, correction of. 326 
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Vertical ramus osteotomy, 28 
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Wires 

forces of, 48t 

traction, hioincchanics of. 42 



Zygomatic arch, fracture of, 2x7 
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Le (on fracture with, 291 292 
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